Large Area Crop Inventory Experiment (LACIE).  LACIE third interim phase 3 accuracy assessment report by unknown
andvIed~s%a$4t vmuw 1h 
e it s lpreast 01 eal en y ud ct 	 LACI@E-
JSC-1 37 31 
..0 £aedt" RS ttou 	 00467 
i t'r-"m htbO " 
LARGE AREA CROP INVENTORY EXPERIMENT (LACIE)
 
INVENTORYCROP 
NASA NOAA USDA
 
LACIE THIRD INTERIM PHASE III 
NAAS ASSESSMENT REPORTACCURACY OAUD 
N79-18390
CROP INVENTOEY
(E79-10123) lARGE ABEL 
LACIE THiRD INTEEI!HI EXPEBIHENT (lACIE). EPORT Interim
PHASE 3 ACCUBACY ASSESSIENgT 
 Unclas
 
Report (NASA) 14ltp TIC A02/IF 101 CSCI 02C 
 00123 . .
 
- -G_3/3 
National Aeronautics and 
Space Administration 
Lyndon B.Johnson Space Center 
Houston, Texas 77058 
JANUARY 1978 
https://ntrs.nasa.gov/search.jsp?R=19790010219 2020-03-21T23:21:16+00:00Z
LACIE PHASE III ACCURACY ASSESSMENT
 
TTPf TMTFDTM PgPOPT
 
APPROVED BY
 
"-D.E. Pitts, Manager
 
LACIE Accuracy Assessment
 
% -. D rcsn Chief 
Research, Test, and Evaluation Branch
 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
 
LYNDON B4 JOHNSON.SPACE CENTER
 
HOUSTON, TEXAS
 
January 1978
 
CONTENTS
 
Section Page
 
1. INTRODUCTION .I........................ .. 1-1
 
1.1 OBJECTIVES.I......... .. ....... .... .... 1-1
 
1.2 ACCURACY ASSESSMENT ACTIVITIES.... .........I......1-2
 
1.2.1 ACTIVITIES REPORTED IN THE QUICK-LOOK REPORTS ..I..... 1-2
 
1.2.2 ACTIVITIES REPORTED IN THE INTERIM AND FINAL REPORTS. . . 1-2
 
1.2.3 ACTIVITIES REPORTED INAA UNSCHEDULED REPORTS ..I..... 1-3
 
1.3 PROCEDURES USED IN OBTAINING LACIE PHASE 'III ESTIMATES. . . 1-3
 
2. SUMMARY...... ....... . .... ............ 2-1
 
3. ASSESSMENT OF PRODUCTION ESTIMATION..... ......... ..... 3-1
 
3.1 THE 90/90 CRITERION ......... ....... ........ 3-1
 
3.2 COMPARISON OF LACIE AND USDA/SRS PRODUCTION ESTIMATES . . . 3-2
 
4. ASSESSMENT OF AREA ESTIMATION.... .................. 4-1
 
4.1 COMPARISON OF LACIE AND USDA/SRS AREA ESTIMATES ....... 4-1
 
4.2 BLIND SITE INVESTIGATION OF PROPORTION ESTIMATION ERROR . . 4-10
 
4.2.1 PROPORTION ESTIMATION ERROR ...... ...... ..... 4-10
 
4.3 SAMPLING AND CLASSIFICATION ERRORS..... ...... ..... 4-16
 
5. ASSESSMENT OF YIELD ESTIMATION ....... .............. .... 5-1
 
5.1 COMPARISON OF LACIE AND USDA/SRS YIELD ESTIMATES......... 5-1
 
5.2 CROP CALENDAR MODEL ACCURACY ....... .............. 5-10
 
6. ACCURACY ASSESSMENT SPECIAL STUDIES....... .......... 6-1
 
6.1 ITS STUDY OF DOT LABELING ERRORS...... ............... 6-I
 
6.2 EFFECTS OF ANALYST INTERPRETER.X(AI), ACQUISITION HISTORY,
 
AND BIAS CORPECTION ON PROPORTION ESTIMATION ERROR........6-3
 
iii
 
PREOEDING PAGE BLANI- NOT FRLMED
 
Page
Section 

6.3 	 INVESTIGATIONS OF THE WINTER WHEAT AREA OVERESTIMATION
 
PROBLEM IN SOUTH DAKOTA ........ .... .. ........ 6-7
 
6.4 	COMPARISON OF RATIOED AND DIRECT WHEAT AGGREGATIONS ..... 6-12
 
6.5 	 EFFECT OF THE OBJECTIVE THRESHOLDING PROCEDURE... 

......... 7-I
 
..... 6-14
 
7. ASSESSMENT OF LACTE ESTIMATES FOR U.S.S.R..... 

7.1 	 PRODUCTION ESTIMATES............ .............. 7-1
 
7.2 	AREA ESTIMATES.......... .... .... ...
.... ... 7-3
 
7.3 	 YIELD ESTIMATES......... .... ... ........... 7-5
 
Appendix
 
A. 	PHASE III ACCURACY ASSESSMENT METHODOLOGY......... ..... A-I
 
A.I 	 INTRODUCTION.......... ............ .... A-I
..... 

A.2 	COMPARISON OF LACIE ESTIMATES WITH REFERENCE STANDARDS. A-I
 
A.3 	 ERROR SOURCES IN LACIE..... .............. .... A-2
 
A.3.1 ACREAGE ...... ... .. ... ... ...........A-2
 
A.3.1.1 Error An Proportion Estimates at the Segment Level. 	. . A-3
 
A.3.1.2 Acreage Estimation......... ... 	 .......... A-4
 
A.3.1.3 	Acreage Variance Estimation ............... .. A-7
 
A.3.1.4 	Acreage Bias Estimation ... ............... A-9
 
A.3.1.5 	Contribution of Sampling and Classification to
 
to Acreage Estimation Error ....... ....... .. A-12
 
A.3.2 YIELD. . ..... .. ... .... .......... .. A-21
 
A.3.2.1 	 Yield Prediction....... .. .. ........... . A-21
 
A.3.2.2 Estimation of the Yield Prediction Error..... .	 .. A-22
 
A.3.3 PRODUCTION......... ..... .......... .... A-23
 
A.3.3.1 	 Production Estimation ...... ... .. .......... A-23
 
iv
 
Section 	 Page
 
A.3.3.2 Production Variance Estimation....... .......... A-24
 
A.3.3.3 	Production Bias Estimation..... ............... A-24
 
A.3.3.4 	Evaluating the 90/90 Criterion...... ............ A-25
 
A.3.3.5 	Effect of Errors inAcreage, Yield, Samping, and
 
Classification on the Production Variance. .. ....... A-30
 
B. PHASE IIBLIND SITE DATA ..................... ..... B-1
 
C. METHOD OF DESIGNATING SEGMENTS AS SPRING, WINTER, OR MIXED . . . C-1
 
v 
TABLES
 
Page
Table 

1-1 CAS ALLOCATION AND PROCEDURE CHANGES DURING
 
PHASE III OF LACIE ..... .... .... ... ......... 1-6
 
3-1 COMPARISON OF LACIE AND USDA/SRS PRODUCTION ESTIMATES. .... 3-3
 
4-1 COMPARISON OF LACIE AND USDA/SRS AREA ESTIMATES. . ... .. 4-2
 
4-2 WINTER WHEAT BLIND SITE RESULTS.... ............... 4-11
 
4-3 SPRING WHEAT 3LIND SITE RESULTS..... ... 4-12
..... ....
 
5-1 COMPARISON OF LACIE AND USDA/SRS YIELD ESTIMATES . . .. ..	 5-2
 
5-2 	 ROBERTSON BMTh AND OBSERVED'ITS WHEAT PHENOLOGICAL STAGES. 
 5-15
 
5-3 	 COMPARISON OF LACIE ACC WITH OBSERVED STAGES IN THE
 
5-21
WINTER WHEAT ITS'S ..... .... .... .... .....
 
5-4 	 COMPARISON OF LACIE ACC WITH OBSERVED STAGES IN THE
 
SPRING WHEAT ITS'S ..... .... .... .... ..... 
 5-22
 
5-5 COMPARISON OF LACIE ACC WITH OBSERVED STAGES IN THE
 
CANADIAN ITS'S .......... .... .... .... ... 5-23
 
6-1 ERRORS OF OMISSION AND COMMISSION...... ........ .... 6-2
 
6-2 LABELING OF ERROPS AT SEGMENT LEVEL...... ........... 6-4
 
6-3 IMAGE 100 - PROCEDURE 1 DATA ..... ... ......... .... 6-6
 
6-4 ANALYSIS OF VARIANCE ..... .... .. .............. 6-8
 
6-5 	 COMPARISON OF SOUTH DAKOTA AND MONTANA WINTER WHEAT ESTIMATES
 
USING REDESIGNATED SEGMENTS WITH USDA/SRS AND LACIE
 
ESTIMATES........... .... .... .... ..... 6-9
 
6-6 	 COMPARISON OF RATIOED AND DIRECT SPRING WHEAT (AGGREGATION)
 
AREA ESTIMATES FOR NORTH DAKOTA...... ............... 6-13
 
6-7 COMPARISON OF RATIOED AND DIRECT SPRING WHEAT BLIND SITE
 
NORTH DAKOTA ..... .... 

6-8 COMPARISON OF THRESHOLDED WITH CONVENTIONAL AREA ESTIMATES 6-18
 
PROPORTION ESTIMATES (EXPRESSED IN PERCENTAGES) FOR
 
.... .... .... .... 6-16
 
vii
 
Page
Table 

6-9 COMPARISON OF THRESHOLDED WITH CONVENTIONAL YIELD ESTIMATES. 6-20
 
6-10 COMPARISON OF THRESHOLDEDWITH CONVENTIONAL PRODUCTION
 
ESTIMATES........ ............................ 6-21
 
7-1 PRODUCTION .........:. ..... ...... .... .. 7-2
 
7-2 AREA ..... ............... .............. 7-4
 
7-3 YIELD. .... ... . ........... .... ... 7-6
 
A-1 PHASE II CV'S AND RELATIVE DIFFERENCES ............ A-29
 
B-1 LACIE PHASE III TNTENSIVE TEST SITES . . .......... B-2
 
viii
 
FIGURES
 
Figure Page 
3-1 LACIE and USDA/SRS production estimates (bushels x 106). 3-9 
4-1 LACIE and USDA/SRS acreage estimates (acres x l 6) . .... 4-8 
4-2 Plot of proportion estimation errors versus ground truth 
proportions for blind sites...... ................ 4-13 
5-I LACIE and USDP/SRS yield estimates (bushels/acre).......... 5-8 
5-2 Map of U.S. wheat-producing areas showing intensive test 
test sites .......... .............. .... 5-12 
5-3 Map of Canada showing intensive test sites ....... .... 5-13 
5-4 ASCS Ground Truth Periodic Observation form ..... ........ 5-16 
5-5 Winter wheat BMTS isolines as predicted by the LACIE ACC 
meteorologica- data through May 1, 1977... . ..... ..... 5-17 
5-6 Comparison of observed and predicted crop calendar stages 
for Oldham County, Texas ..... ...................... 5-18 
5-7 Comparison of observed and predicted crop calendar stages 
for Finney County, Kansas...... ................... 5-19 
6-1 Plots.of proportion estimation errors versus dot-count 
ground-truth proportion estimates for the blind sites in 
North Dakota .......... .. .... .............. 6-15 
A-i Diagram showing value of relative bias and CV(P) for which 
90/90 criterion is satisfied ...... ... .. .......... A-27 
ix
 
ABBREVIATIONS
 
AA 

ACC 

agromet 

AI 

biowindow or bio-

phase 

biostage 

blind sites 

BMTS 

CAMS 

Accuracy Assessment.
 
adjustable crop calendar.
 
agricultural/meteorological.
 
analyst/interpreter
 
biological window, biological phase - a Landsat data
 
acquisition period that is related to the biostages of
 
wheat development. The LACIE approach is based on the
 
judgment that wheat can be separated adequately from
 
other crops by machine analysis of up to four acquisi­
tions of Landsat data during the growing season. The
 
biowindow may be updated if there is a significant lag
 
or advancement in the current crop calendar. The
 
sequence chosen generally includes acqui'sitions during
 
the following biowindows:
 
1. Crop establishment - from field preparation
 
to jointing (biostage 1.0 to 3.0).
 
2. Green - from jointing to heading (bio­
stage 3.0 to 4.0).
 
3. Heading - from heading to soft dough
 
(biostage 4.0 to 5.0).
 
4. Mature - from soft dough to harvest (bio­
stage 5.0 to 7.0).
 
biological stage - the specific stage of development of
 
a crop which can be recognized by a major change in
 
plant structure; i.e., emergence after germination,
 
jointing, heading, soft dough, ripening, and harvest,
 
which are represented by integers on the Robertson
 
Biometeorological Time Scale.
 
LACIE sample segments chosen at random for which ground
 
truth is obtained in order to test classification per­
formance. The identity of the blind sites iswithheld
 
from the CAMS analysts so that these segments will be
 
treated the same as the other segments.
 
Biometeorological Time Scale.
 
Classification and Mensuration Subsystem.
 
PRECEDING PAGE BLANK NOT FILED 
xi
 
CV 
CAR 

CAS 

CCEA 

.classification 

classification error 

CMR 

CRD 

crop calendar 

crop calendar 

adjustment 

CUR 

DAPTS 

Group II segment 

IE 

IMR 

ITS 

CAS Annual Report.
 
Crop Assessment Subsystem.
 
-Center for Climatological and Environmental Assessment 

an organization of the National Oceanic and Atmospheric
 
Administration, Columbia, Missouri.
 
in computer-aided analysis of remotely sensed data, the
 
process of assigning data points to various classes by a
 
testing process in which the spectral properties of each
 
unknown data point are compared with spectral properties
 
typical of these classes.
 
a measure of the degree to which the LACIE classifica­
tion either overestimates or underestimates the wheat
 
acreage in a specific area.
 
CAS Monthly Report.
 
Crop Reporting ,District - a geographical area used by
 
the U.S. Department of Agriculture for the collection
 
and reporting of agricultural information; each district
 
consists of several counties.
 
a calendar depicting the biostages of the major crop
 
types within a specified region during a calendar year.
 
an adjustment made to the historical crop calendar on
 
the basis of current meteorological data.
 
CAS Unscheduled Report.
 
coefficient of variation (standard deviation divided by
 
the mean).
 
Data Acquisition, Preprocessing, and Transmission Sub­
system.
 
LACIE segment in a county that historically produces
 
sjinll quantities of wheat/small grains; samples are
 
allocated with probability proportional to size.
 
Information Evaluation.
 
IE Monthly Report.
 
intensive test site - a LACIE test segment in the United
 
States or Canada on which detailed crop inforation is
 
collected by using ground and airborne equipment.
 
xii
 
JSC 

LACIE 

Landsat 

LEC 

MSE 

MSS 

NASA 

NOAA 

90/90 criterion 

PPS 

Sample segments 

USDA 

USDA/ASCS 

USDA/FAS 

USDA/SRS 

U.S. Great Plains 

(USGP) 

(USSGP) 

(USNGP) 

Lyndon B. Johnson Space Center of NASA, Houston, Texas.
 
Large Area Crop Inventory Experiment.
 
Land Satellite - formerly called ERTS (Earth-Resources
 
Technology Satellite); operates in a circular, Sun­
synchronous, near-polar orbit of Earth at an altitude
 
of approximately 915 kilometers; orbits Earth about 14
 
times a day and views the same scene at least every
 
18 days.
 
Lockheed Electronics Company, Inc.
 
mean, squared error.
 
Multispectral Scanner System or multispectral scanner ­
the remote sensing instrument on Landsat that measures
 
reflected sUnlight in various spectral- bands or wave­
lengths.
 
National Aeronautics and Space Administration.
 
National Oceanic and Atmospheric Administration.
 
criterion that the LACIE U.S. Great Plains at-harvest
 
production estimate be within 10 percent of the true
 
value with a probability of at least 0.9.
 
probability proportional to size.
 
the 5- by 6-nautical-mile areas used as samples in LACIE
 
to make acreage estimates. They are selected by a sam­
pling strategy which is described in appendix A of this
 
report.
 
U.S. Department of mgricuizure.
 
USDA Agricultural Stabilization-and Conservation
 
Service.
 
USDA Foreign Agricultural Service.
 
USDA Statistical Reporting Service.
 
the U.S. Great Plains (USGP),.an area encompassing the
 
nine states of Colorado, Kansas, Minnesota, Montana,
 Nebraska, North and South Dakota, Oklahoma, and Texas;
 
it is divided geographically into (1)the U.S. southern
 
Great Plains (USSGP), which includes Colorado, Kansas,
 
Nebraska, Oklahoma and Texas, and (2)the U.S. northern
 
Great Plains (USNGP), which includes Minnesota,,Montana,
 
and North and South Dakota.
 
xiii
 
USGP-7 Seven winter wheat states of the U.S. Great Plains
 
region. These include all of the USGP states except
 
North Dakota and Minnesota.
 
YES Yield Estimation Subsystem.
 
xiv
 
INTRODUCTION
 
The Large Area Crop Inventory Experiment (LACIE) is an interagency endeavor of.
 
the National Aeronautics and Space Administration (NASA), the National Oceanic
 
and Atmospheric Administration (NOAA), and the United States Department of
 
Agriculture (USDA). Its purposes are (I).to demonstrate the economical bene­
fit to be obtained by using remotely sensed data from the Ladd Satellite (Land­
sat) for agricultural applications, (2)to test the capability of a system
 
utilizing remote sensing in conjunction with climatological, meteorological,
 
and conventional data to produce timely estimates of the production of a major
 
world crop prior to harvest, and (3)to validate the technology and procedures
 
for such a system.
 
In accordance with the objectives of LACIE, theAccuracy Assessment (AA) effort
 
is designed to check the accuracy of the products from the experimental opera­
tions throughout the growing season and thereby determineif the procedures
 
used are adequate to accomplish the above objectives.
 
1.1 OBJECTIVES
 
The 	objectives of AA are as follows:
 
a. 	To determine whether the accuracy goal of the LACIE estimate of wheat pro­
duction for a region or country is being met. The LACIE accuracy goal is
 
a 90/90 at-harvest criterion for wheat production. This specifies that
 
the at-harvest wheat production estimate for the region or country be
 
within 10 percent of the true production with a probability of at least 0.9.
 
b. To determine the accuracy and reliability of early season estimates and
 
estimates made at regular intervals throughout a crop season prior to har­
vest. This includes a determination of the degree to which the 90/90 cri­
terion is supported at these intervals during the crop season.
 
c. 	To investigate the various sources of error in'the LACIE estimates of
 
wheat production, area, and yield, to quantify and relate these error
 
sources to causal elements in the LACIE estimation process, and to
 
recommend procedures for reducing the error.
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1.2 ACCURACY ASSESSMENT ACTIVITIES 
In order to satisfy its objectives, AA carries out several types of evaluations 
and the results are presented in (1)monthly quick-look reports; (2) a number ­
of interim reports leading up to a final report, and (3)certain special reports 
The following paragraphs contain the descriptions of the AA evaluations pre­
sented in the three types of reports.
 
1.2.1 ACTIVITIES REPORTED IN THE QUICK-LOOK REPORTS
 
The quick-look reports contain an evaluation by AA of the LACIE estimates
 
reported in the Crop Assessment Subsystem (CAS) monthly reports (CMR's) and
 
the CAS unscheduled reports (CUR's). The quick-look reports are released one
 
week following the release of a CMR or a CUR. The CMR's and CUR's contain
 
the official LACIE estimates of wheat production, area, and yield, and-the
 
corresponding statistics. The true wheat production, area, and yield for the
 
particular region or country are, of course, unknown. Therefore, to ascertain
 
the accuracy of the.LACiE estimates, comparisons are made with a reference
 
standard. In the United States, the reference standard consists of the most
 
recent (at the time of the comparison) estimates released by the Statistical
 
Reporting Service of the USDA (USDA/SRS). Inforeign countries, the reference
 
consists of the most recent estimates released by the Foreign Agricultural
 
Service of the USDA (USDA/FAS). The AA quick-look reports contain a compari­
son of the LACIE estimates of wheat production, area, and yield with the
 
corresponding reference standard, as well as significance tests of no differ­
ence at the region or coUntry'level. The relative difference calculated at
 
the zone level (state in the U.S.) is used to indicate problem areas; available
 
blind site results are given and an intensive test site (ITS) example is
 
presented.
 
1.2.2 ACTIVITIES REPORTED IN THE INTERIM AND FINAL REPORTS
 
The interim reports are released at regular intervals throughout the crop sea­
son. They contain the results of the previous quick-look reports, a discus­
sion of the 90/90 criterion as it applies to the region for which the LACIE
 
estimates of wheat production are available, and the results of investigations
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of error sourcesI in the LACIE wheat production estimate including the blind
 
site and ITS analyses. Also, any recommendations for improvement made by AA
 
are documented in the interim and final reports.
 
Each interim report is built up from the previous one by including data that
 
became available during the interim period. Technical comments on each report
 
are solicited from a variety of sources and are used to upgrade subsequent
 
reports. Early-season and mid-season evaluations are made in the first and
 
second interim reports; late-season and at-harvest evaluations are made in
 
the third and fourth interim reports.
 
The fourth interim report also serves as a draft for the final report, which
 
contains material which is similar to the interim reports but covers the
 
entire year.
 
The above schedule.was followed in Phase II. In Phase I there were no interim
 
reports and the Phase I final report was incorporated into the Phase II final
 
report.
 
1.2.3 ACTIVITIES REPORTED IN AA UNSCHEDULED REPORTS
 
From time to time, spucial investigations are carried out that are of interest
 
to LACIE but which are not required on a regular basis such as those mentioned
 
above. These investigations are reported in AA-unscheduled reports.
 
1.3 PROCEDURES USED IN OBTAINING LACIE PHASE III ESTIMATES
 
This report consists of evaluations of LACIE estimates of production, area, and
 
yield for the U.S. Great Plains (USGP) region and for the U.S.S.R.; these esti­
mates were released in the CAS reports for LACIE Phase III. During Phase III
 
several changes were made in the aggregation procedures used by CAS. This
 
section describes the procedures used in the various CAS reports. Some of the
 
changes imposed by CAS during Phase III altered the Phase III monthly estimates.
 
A detailed description of the error sources in LACIE is given in appendix A.
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The initial Phase III CAS report for the USGP was released February 8, 1977,
 
prior to the availability of the Phase III allocation of sample segments.
 
Thus, estimates published in the February CMR are the result of the aggrega­
tion of segments from the LACIE Phase II allocation.
 
On April 6, the second Phase III CAS report was released. The estimates in
 
this report were basel on the Phase III allocation, but only segments which
 
were available as of the cutoff date of the February 8 CMR were used. Thus,
 
the only difference between the results in the February 8 CMR and the April 6
 
CUR is that in the former the Phase II allocation was used, whereas in the
 
latter the Phase III allocation was used. The April 6 CUR was updated on
 
April 22 with the release of a CUR which was based on all of the acquisitions
 
from the Phase III allocation that were available at that date.
 
In LACIE Phase 111, CIS developed an objective thresholding procedure to
 
eliminate acquisitions prior to emergence. This procedure was tested and
 
was demonstrated to reduce the magnitude of the underestimate throughout the
 
season. Thus, in addxtion to the regular estimates, CAS also generated the
 
threshold estimates in the June and July CMR's. Further, the threshold esti­
mate replaced the regular LACIE estimate in the August, September, and
 
October CMR's.
 
In September, CAS fur-her modified the data with a procedure called screening,
 
whereby segments were stratified according to historic county wheat propor­
tions. In the screening procedure, CAMS proportion estimates which disagreed
 
with their corresponding historic county proportions by a large margin
 
(stipulated by the proceGure) were excluded from the aggregation.
 
As a result of the investigation of the overestimation problem in South Dakota,
 
which was initiated immediately following the release of the July 11 CMR, a
 
redesignation of sampne segments into winter wheat, spring wheat, and mixed
 
wheat segments was instituted in August for the mixed wheat states of Montana
 
and South Dakota. Previously, both winter and spring wheat estimates were
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made for each segment in Montana and South Dakota, resulting in winter wheat
 
estimates for segments containing little or no winter wheat and spring wheat
 
estimates for segments containing little or no spring wheat. Under the redes­
ignation, if a county containing allocated segments contributed 1 percent or
 
more to the state winter wheat production, its'segments were designated as
 
winter wheat segments. The same rule applied for spring wheat. This divides
 
the counties into three groups:, pure winter, pure spring and mixed. Further,
 
counties in the pure spring and pure winter wheat groups were subsequently
 
designated mixed if the within-county contribution for either crop type to
 
total wheat for the county-was between 25 and 75 percent. This procedure was.
 
also applied to'the oblasts in the mixed wheat region of the U.S.S.R.
 
Table 1-1 is a summary of the procedures and allocations used in the various
 
Phase III CMR's for the USGP.
 
In the first U.S.S.R. CAS report, released on August 5, 1977, the estimates 
for productio6, area, andyieldwere obtained using the conventional aggrega­
tion procedure. -
In the second U.S.S.R. CMR, released on September 7, 1977, the official esti­
mates were also obtained using the conventional procedure, but in addition
 
some unofficial "modified" estimates were given., The modified estimates were
 
obtained using a procedure which was the same as the conventional procedure
 
except that acquisitions obtained after May 1, 1977 were thresholded (i.e.,
 
not used) unless-prior acquisitions were also available, or unless usable
 
acquisitions from biostage 6 or 7 were available.
 
In the third U.S.S.R. CMR, released on October 5, 1977, the official estimates
 
were obtained using the modified procedure.
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TABLE I-1.- CAS ALLOCATION AND PROCEDURE CHANGES FOR USGP DURING
 
CAS Report Date 

February 8, 1977 

April 6, 1977 

April 22, 1977 

June 7, 1977 

July 11, 1977 

August 10, 1977 

September 9, 1977 

October 11, 1977 

PHASE III OF LACIE
 
Allocation 

Phase II 

Phase III acquisitions 

available as of Feb­
ruary 8 report
 
Phase III - all 

classifications avail­
able to date
 
Phase III 

Phase III 

Phase III - Montana 

and South Dakota sites
 
redesignated
 
Phase III - Montana 

and South Dakota sites
 
redesignated
 
f Phase III - USGP sites 
redesignated 
Procedure
 
Conventional-

Conventional
 
Conventional
 
Conventional (official)j
 
Thresholding (unofficial)
 
Conventional (official);
 
Thresholding (unofficial)
 
Thresholding (official)
 
Thresholding; screening
 
Thresholding; screening
 
:6
 
2. SUMMARY
 
This report discusses the evaluations of the LACIE production, area, and
 
yield estimates released in the February 7, April 6, April 22, May 9, June 7,
 
July 11, August 10, September 9, and October 11, 1977, CAS U.S. Great Plains
 
reports. Also discussed are the estimates released in the CAS U.S.S.R. reports
 
of August 5, September 7, and October 5, 1977. In the first three U.S. reports,
 
the LACIE area estimates were compared with the USDA/SRS estimates of planted
 
area and the LACIE yiald estimates were compareo-with a "derivedyield,"
 
obtained by dividing the USDA/SRS production estimate by the corresponding
 
estimate of the planted area. The LACIE estimates released in the May and
 
later reports were compared with the corresponding USDA/SRS monthly estimates
 
of harvested area, yield, and production.
 
An accuracy of 90/85was achieved with the October estimates which had a
 
relative bias of -9.9 percent and a coefticient.of variation (CV) of 5.2 per­
cent for the total wheat production in the USGP. That is, the probability is
 
0.9 that the LACIE estimate was within ±15 percent of true wheat production
 
for the USGP.
 
The LACIE total wheat production estimates for the USGP region are available
 
only in the August, September, and October CAS reports. In all three
 
instances the LACIE estimate was significantly smaller than that of the
 
USDA/SRS, primarily because the LACIE spring wheat production was under­
estimated. All three USNGP spring wheat estimates were significantly smaller
 
than their USDA/SRS counterparts, while there were no significant differences
 
between the LACIE and USDA/SRS USGP-7 winter wheat estimates from June (when
 
LACIE statistics first became available) through October.
 
The LACIE spring wheat production underestimates in August, September, and
 
October are the result of area underestimates for spring wheat in the USNGP
 
region. The LACIE estimates were significantly smaller than the USDA/SRS
 
estimates for all 3 months.
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In the blind site investigation, it was found that for the USNGP spring wheat
 
blind sites the average of the LACIE proportion estimates was significantly
 
smaller at the 10-percent level than the average of the dot-count ground-truth
 
wheat proportions.
 
Winter wheat area estimates were generally in excess of their USDA/SRS
 
counterparts. Small relative differences at the USGP-7 level in June and
 
July resulted from overestimates in Colorado and-South Dakota, cancelling
 
the underestimate in Oklahoma. The redesignation of segments eliminated the
 
problem in South Dakota, and the thresholding procedure appears to have solved
 
the underestimation problem in Oklahoma. A special investigation into the
 
South Dakota winter wheat overestimate is contained in section 6.3 of this
 
report.
 
The winter wheat blind site study showed that the average proportion estimates
 
are significantly different from the average dot-count ground-truth propor­
tions at the USSGP ano USGP-7 levels.
 
In Phase III, sampling appears to contribute slightly more to the variability
 
of the area estimator than does classification; however, the CV for the
 
total wheat area due to sampling in the USGP is only 1.9 percent, which is
 
well within the sampling accuracy goal of 2.3 percent. Also, there is less
 
-variability in the wiaiter wheat area estimates than in the spring wheat area
 
estimates.
 
The LACIE estimate of the total wheat yield for the USGP was consistently
 
below that of the USDA/SRS with the relative difference varying between
 
-9.9 and -11.3 percent during the crop year. This underestimate resulted
 
from underestimates for both winter wheat (October relative difference = 
-9.0 percent) and spring wheat (October relative difference = -14.1 percent)
 
for the USGP-7 and USGP regions, respectively. The CV's for the LACIE total
 
wheat (USGP) yield estimate were not available until October. A test of the
 
difference between the October LACIE and USDA/SRS yield estimates for the
 
USGP region showed that difference to be significant at the 10-percent level.
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,The last section of this report consists of a comparison between the LACIE
 
and the U.S.S.R. Task Force estimates of production, area, and yield for
 
U.S.S.R. winter, spring, and total wheat. This analysis revealed steady
 
improvement inthe comparison of the production estimates during August,
 
September, and October. By October, there were no significant differences
 
(at the 10-percent level) between the LACIE and the U.S.S.R. Task Force
 
winter, spring, or total wheat production estimates.
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3. ASSESSMENT OF PRODUCTION ESTIMATION
 
This section contains an evaluation of LACIE performance relative to meeting
 
the 90/90 criterion. It also includes a comparison of LACIE and USDA/SRS
 
production estimates for winter wheat, spring wheat, and total. wheat.
 
3.1 THE 90/90 CRITERION
 
The LACIE accuracy goal for the USGP region is a 90/90 at-harvest criterion
 
for wheat production. This specifies that the at-harvest wheat production
 
estimate for the USGP region be within 10 percent of the true production with
 
a probability of at least 0.90 for any'given year.
 
Let P be the LACIE at-harvest estimate of wheat production for the USGP ana
 
let P be the true wheat production for the USGP. The 90/90 criterion may be
 
expressed by the following probability statement:
 
.Pr[jP - PI % O.lP] 2 0.90 (3-1)
 
It is reasonable to assume for large sample sizes that P is normally distrib­
uted with mean P + B and variance 2, where B is the bias of the estimator
 
P. Under this assumption, it is shown in appendix A that equation (3-1) is
 
equivalent to
 
[iB 0.90 (3-2)-
where 0 represents the cumulative standard normal distribution and CV(P) is
 
the CV of the estimater P defined by
 
F (3-3)
CVCP) ECE(P) Pj + BB
 
The term - is called the relative bias of P.
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Inference as to whethe" the LACIE accuracy goal has been met ismade by esti­
mating , B B and CV(P) and then ascertaining whether equation (3-2) is satis­
fied. Now,'CV(P) is estimated by p where &- is an estimate of the standard
 
deviation of P, and P is an unbiased.estimate of P + B.
 
Assuming that the USDA/SRS wheat production estimate is the true wheat pro­
dconP hnp B+ B could be estimated simply by P pduction , t e  

With the October estimate of relative bias (-9.9 percent) and CV (5.2 percent),
 
the 90/90 goal was not achieved'. However, an accuracy of 90/85 was achieved.
 
That is,the'probabil ity that the LACIE estimate is within ±15 percent of the
 
true wheat production for the USGP is 0.9.
 
3..2 COMPARISON OF LACIE AND USDA/SRS PRODUCTION ESTIMATES
 
Table 3-1 and figure 3-1 show how well LACIE performed relative to the USDA/
 
SRS estimates throughout the crop year. The nine dates for which data are
 
provided correspond to the CAS reports of February 8, April 6, April 22,
 
May 9, June 7, July 11, August 10, September 9, and October 11, 1977. Winter
 
wheat estimates for the USGP-7 states (seven of the nine states of the USGP)
 
are available for each of the above report dates, whereas spring wheat esti­
mates for the four U.S. northern Great Plains (USNGP) states were generated
 
only for the reports of August 10, September 9, and October 11, 1977.
 
For each major region, a test was performed to determine if the LACIE esti­
mate was significantly different from the corresponding USDA/SRS estimate.
 
The test results are given in the last column of table 3-1. The testing pro­
cedure used is described in appendix A.
 
Because of software problems, statistics were not available for the 'LACIE pro­
duction estimates until after the release of the May 9 CMR. Therefore, coef­
ficients of variation (CV's) and tests of significance were available only for
 
thncp 0ctirntpc rpla;lmp, aftpr Mav Q IQ77 
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TABLE 3-1.- COMPARISON OF LACIE AND USDA/SRS PRODUCTION ESTIMATES
 
Production
 
CRelative Value
 
bUSDA/SRS LACIE • difference of
 
Region n/ test
 
Estimate Estimate CV 1976 CV 1977 1976 statistic
 
(bu x 1O3) (bu x 103 ) (%) (%) (%) (z)
 
February 8, 1977
 
WINTER WHEAT
 
Colorado 21/32 60280 49772 a 33 -21.1 37.0
 
Kansas 65/84 356400 194220 a 17 -83.5 -26.9
 
Nebraska 31/35 99000 90058 a 23 -R.9 39.2
 
Oklahoma 27/40 132600 64391 a 29 -105.9 -41.1
 
Texas 34/49 98400 56762 a 28 -73.5 -26.9
 
dUSSGP 178/240 746680 455167 a 11 -64.0 -4.9 a
 
Montana 25/60 79300 73799 a a -7.5 a 
S. Dakota 12/33 13920 28513 a a 51.2 a 
eMW states 37/93 93220 102312 a a 8.9 a a 
fUSGP-7 215/333 839900 557480 a a -50.7 a a 
April 6, 1977
 
WINTER WHEAT
 
Colorado 27/22 60280 48659 a 33 -23.9 37.0
 
Kansas 93/121 356400 187644 a 17 -89.9 -26.9
 
Nebraska 48/67 99000 88444 a 23 -11.9 39.2
 
Oklahoma 40/46 132600 63918 a 29 -107.5 -41.1
 
Texas 27/38 98400 63305 a 28 -55.4 -26.9
 
dUSS1P 235/304 746680 451970 a 11 -65.2 -4.9 a
 
Montana 40/80 79300 60723 a a -30.6 a
 
S. Dakota 22/56 13920 46978 a a 70.4 a 
eMW states 62/136 93220 107701 a a 13.4 a a 
fUSGP-7 297/440 839900 559672 a a -50.1 a a
 
n number of segments used. *The LACIE estimate is signifi-
N number of segments allocated. cantly different from the USDA/SRS 
aData not available, estimate at the 10-percent level. 
bUSDA/SRS prediction through April 22 NThe LACIE estimate is not signifi­
released on December 22, 1976. cantly different from the USDA/SRS 
estimate at the 10-percent level. 
Relative difference (LACIE x Ice) %. 9The pure spring wheat states, 
Minnesota and N. Dakota.dU.S. southern Great Plains region. hU.S. northern Great Plains region.

eThe mixed wheat states, Montana U
 
and S. Dakota. U.S. Great Plains region.
 
fSeven-state winter wheet region of
 
U.S. Great Plains.
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TABLE 3-1.- Continued.
 
Production CRelative 
Value 
Region n/N bUSDA/SRS LACIE difference of test 
Estimate Estimate(bux 13 3 CV1976 CV 1977 1976 statistic 
(buxlO) (bux10) C%) (%) (%) () 
April 22, 1977 
WINTER WHEAT 
Colorado 27/32 60280 49037 a 33 -22.9 37.0 
Kansas 94/121 356400 190941 a 17 -86.7 '-26.9 
Nebraska 48/67 99000 96579 a 23 -2.5 39.2 
Oklahoma 41/46 132600 64413 a 29 -105.9 -41.1 
Texas 29/38 98400 63516 a 28 -54.9 -26.9 
dUSSGP 239/304 746680 464486 a 11 -60.8 -4.9 a 
Montana 40/80 79300 65712 a a -20.7 a 
S. Dakota 22/56 13920 46057 a a 69.8 a 
emW states 62/1-36 93220 111769 a a 16.6 a a 
fUSGP-7 301/440 839900 576255 a a -45.8 a a 
May 9, 1977 
WINTER WHEAT 
Colorado 28/32 54960 70357 a 31 21.9 24.4 
Kansas 109/121 384000 286373 a 12 -34.1 -6.8 
Nebraska 48/67 103700 99038 a 19 -4.7, 14.6 
Oklahoma 45/46 162500 95560 a 21 -70.1 -43.8 -
Texas 34/38 101200 83068 a 17 -21.8 19.2 
dUSSGP 264/304 806360 634396 a 8 -27.1 -1.6 a 
Montana 41/80 75600 85751 a a 11.8 a 
S.Dakota 24/56 16000 58836 a a 74.5 a 
eMW states 65/136 90600 144587 a a 37.3 a a 
fUSGP-7 329/440 895960 778982 a a -15.1 a a 
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TABLE 3-1.- Continued.
 
Production CRelative Value 
Region n/M bUSDA/SRS LACIE difference of 
test 
Estimate Estimate CV 1976 CV 1977 1975 statistic 
(bu x 103) (bu x 103) (%) () (%) (Z) 
June 7, 1977 
WINTER WHEAT 
Colorado 28/32 56640 72456 21.9 28 21.8 31.7 
Kansas 112/121 396000 308387 11.5 11 -28.4 14.4 
Nebraska 50/67 106750 108793 16.2 17 1.9 24.4 
Oklahoma 45/46 169000 96550 14.0 17 -75.0 -34.4 
Texas 34/38 110000 91965 14.2 17 -19.6 16.5 
dUSSGP 269/304 838390 678151 6.9 7 -23.6 11.4 -3.42* 
Montana 41/80 75600 91417 23.2 192 17.3 -569.8 
S. Dakota 28/56 13600 67685 38.3 46 79,9 34.1 
eMW states 69/136 89200 159102 21.1 63 43.9 -147.1 -2.08* 
fUSGP-7 338/440 927590 837254 7.0 8 -10.8 1.7 -1.54 N 
July 11, 1977 
WINTER WHEAT 
Colorado 30/32 54280 66516 19.7 30 18.4 6.0 
Kansas 111/121 381300 339348 10.9 11 -12.4 3.7 
Nebraska 52/67 106750 111903 15.7 16 4.6 27.3 
Oklahoma 42/46 169000 104907 13.6 18 -61.1 -64.3 
Texas 34/38 115000 91691 13.9 17 -25.4 -22.2 
dUSSGP 269/304 826330 714365 a 7 15.7 -3.7 a 
Montana 58/80 75600 81983 17.2 53 7.8 -211.2 
S. Dakota 39156 16320 123196 22.6 27 86.8 63.1 
eMW states 97/136 91920 205179 a 27 55.2 -46.7 a 
fUSGP-7 366/440 918250 919544 6.4 7 0.1 -7.9 0.02N 
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TABLE 3-1.- Continued.
 
Production CRelative Value 
bdifference oflu 
Region n/M bSDA/SRS 
Estimate 
3 (bu x 10) 
LAC 1r 
Estimate Istatistic 
3 CV 1976 CV 1977 (buxi0) JC (%) CME W 1976 M 
ts test 
August 10," 1977 
WINTER WHEAT 
Colorado 31/32 54280 68682 18.8 29 21.0 3.2 
Kansas 105/121 350550 357263 10.8 10 1.9 3.1 
Nebraska 40/67 106750 109960 17.0 16 2.9 26.5 
Oklahoma 44/46 175500 110463 13.4 18 -58.9 -54.0 
Texas 33/38 117500 87579 17.7 18 -34.2 -28.2 
dUSSGP 253/304 804580 733947 6.8 7 -9.6 -4.2 -1.41N 
Montana 51/80 75600 72678 15.4 36 -4.0 -73.2 
S.Dakota 18/56 18360 36621 42.5 26 49.9 56.2 
eMW states 69/136 93960 109299 17.6 23 14.0 -15.4 0.80N 
fUSGP-7 322/440 898540 843247 6.4 7 -6.6 -5.6 -1.03N 
SPRING WHEAT 
Minnesota 40/58 130954 71199 18.1 42 -83.9 -120.8 
N.Dakota 63/103 238250 157751 14.4 17 -51.0 -20.6 
9SW states 103/161 369204 228950 12.3 16 -61.3 -40.4 -4.98* 
Montana 35/80 50050 24634 22.8 29 -103.2 -116.2 
S. Dakota 29/56 58168 45103 18.3 18 -29.0 44.6 
MW states 65/136 108218 69737 14.3 17 -55.2 -26.6 -3.86* 
huSNGP 167/297 477422 298686 10.0 13 -59.8 -37.8 -5.98* 
TOTAL WHEAT 
Montana 62/80 125650 97312 14.3 20 -29.1 -88.0 
S.Dakota 38/56 76528 81724 18.5 14 6.4 51.0 
MW states 100/136 202178 179036 11.5 12 -12.9 -19.8 
USNGP 203/297 571382 407986 9.0 11 -40.0 -32.7 -444* 
iUSGP 456/601 1375962 1141933 5.4 6 -20.5 -15.3 -3.80* 
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TABLE 3-1.- Continued. 
Production CRelative 
Region n/M USA/R difference _ftest Value 
ttsti 
Estimate Estimate 
.(bu x 103) (bu x 103) CV 1976 CV(%)117 C() 1977 1976 atistic 
September 9, 1977 
WINTER WHEAT 
Colorado 25/32 54280 68675 17.9 29 21.0 8.5 
Kansas 107/121 350550 360616 10.6 10 2.8 3.7. 
Nebraska 44/67 I06750 99264 14.9 16 -7.5 13.5 
Oklahoma 38/46 175500 121671 12.4 18 -44.2 -56.7 
Texas 30/38 117500 91594 15.9 18 -28.3 -27.2 
dUSSGP 244/304 804580 741820 6.5 7 -8.5 -6.6 -].3]N 
Montana- 39/80 78400 95206 14.1 30 17.7 -53.7 
S. Dakota 13/56 18360 28130 40.2 26 34.7 57.0 
eMW states 52/136 96760 123336 14.2 21 21.5 -7.0 1.51N 
fUSGP-7 296/440 901340 865156 6.0 7 -4.2 -6.6 -0.07N 
SPRING WHEAT 
Minnesota 37/58 130954 78744 18.7 29 -66.3 -68.7 
N.Dakota 60/103 228720 200529 13.1 12 -14.1 -14.9 
gSW states 97/161 359674 279273 11.6 11 -28.8 -27.1 -2.48* 
Montana 30/80 48070 39357 18.6 25 -22.1 -86.5 
S. Dakota 30/56 55968 44969 17.3 19 -24.5 32.3 
MW states 60/136 104038 84326 12.6 15 -23.4 -26.4 -1.86* 
husNGP 157/297 463712 363599 9.4 10 -27.5 -27.0 -2.93* 
TOTAL WHEAT 
Montana 53/80 126470 134563 13.7 15 6.0 -65.5 
S. Dakota 36/56 74328 73098 17.2 13 -1.7 46.1 
MW states 89/136 200798 207661 10.8 10 3.3 -14.7 0.3
N 
USNGP 186/297 530472 476935 9.0 10 -17.5 -22.8' -1.9* 
iUSGP 430/601 1365052 1228755 5.3 5 -11.1 -13.6 -2.1* 
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TABLE 3-1.- Concluded.
 
Production cRelative Value
 
RegionbUSDA/SRS n Ldifference 
Region n/M b Ltest 
Estimate Estimate CV 1976 CV 19 1976 statistic 
(bu 10) (bu X 03) (%)J (Z) (Z), (%) 
October 11, 1977 
'WINTER WHEAT 
Colorado 23/31 54280 77070 17.6 29 29.6 8.5 
Kansas 108/121 350550 365465- 10.5 10 4.1 3.7 
Nebraska 40/56 106750 106120 13.3 16 0.6 13.5 
Oklahoma 39/46 175500 119208 12.7 18 -47.2 -56.7 
Texas 28/35 117500 92885 15.0 18 -26.5 -27.2 
dUSSGP 238/289 804580 760748 6.4 7 -5.8 -6.6 -0.91N 
Montana 42/58 78400 90411 14.3 29 13.3 -51.6 
S. Dakota 14/21 18360 26072 30.6 26' 29.6 57.0 
eHw states 56/79 96760 116483 13.0 20 16.9 -6.1 1.30N 
fUSGP-7 294/368 901340 877231 5.8 7 -2.7 -6.5 -0.47N 
SPRING WHEAT 
Minnesota 37/47 124714 73213 13.9 32 -70.3 -89.7 
N. Dakota 70/103 229985 217247 13.1 12 -8.9 -10.1 
95W states 107/150 354699 284460 11.2 11 -24.7 -26.2 -2.21* 
Montana 33/48 50665 38683 17.4 25 -31.0 -65.7 
S. Dakota 32/37 55968 39748 16.4 18 -40.8 31.9 
MW states 65/85 106633 78431 11.9 16 -36.0 -19.8 -3.03* 
hUSNGP 172/235 461332 362890 9.1 10 -27.1 -24.9 -2.98* 
TOTAL WHEAT 
Montana 57/73 129065 129094 13.5 13 0.0 -56.9 
S. Dakota 38/45 74328 65820 16.3 13 -12.9 46.0 
MW states 95/118 203393 194914 10 5 9 -4.4 711.7 -0.42 N 
USNGP 202/274 558092 479373 8.8 8 -16.4 -20.9 -1.86* 
iUSGP 440/557 1362672 1240121 5.2 5 -9.9 -12.8 -1.90* 
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Figure 3-1.- LACIE.dnd USDA/SRS production estimates (bushels x 106).
 
(USDA/SRS estimates through April 22 released on December 22, 1976.)
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At the U.S. southern Great Plains (USSGP) level, the LACIE and USDA/SRS winter
 
wheat production esti'iates differed by more than 300 million bushels in Feb­
ruary but converged steadily after July and differed by less than 44 million
 
bushels in October. This trend is most obvious in figure 3-1. It is worth
 
noting that the LACIE estimate has experienced steady growth since the first
 
aggregation of the Phase III allocation on April 6, whereas the USDA/SRS fig­
ure increased through June but decreased in July and August. The relative
 
difference between the LACTE and USDA/SRS production estimates at the USSGP
 
level has decreased inmagnitude with each aggregation since April 6, the
 
first aggregation usi-gthe Phase III allocation. Statistics were not avail­
able for LACIE USSGP production estimates through May or for the month of
 
July. The difference between the LACIE and USDA/SRS estimates of winter wheat
 
production for the US&GP region was significant (at the 10-percent level) in
 
June but not in August, September, or October.
 
The LACIE and USDA/SRS production estimates for the USGP-7 region followed a
 
pattern very similar to that of the USSGP estimates except in the month of
 
July, when the winter wheat area for South Dakota was grossly overestimated
 
by LACE, resulting in alarge production overestimate. The problem was cor­
rected in August when the LACIE estimate dropped.to approximately the June
 
level and resumed its approach toward the higher USDA/SRS estimate in Septem­
ber and October. Since the June 7 CMR (the first month with statistics avail­
able) there has been no significant difference (at the 10-percent level)
 
between the LACIE and USDA/SRS winter wheat production estimates for the
 
USGP-7 region.
 
The first LACIE estimates of 1977 spring wheat production were made available
 
in the August 10 CMR. The relative difference between the LACIE and USDA/SRS
 
estimates for the four-state USNGP spring wheat producing region decreased in
 
magnitude in each successive CMR because of increases in the LACIE estimate
 
and decreases in the USDA/SRS estimate. The difference between the LACIE and
 
USDA/SRS USNGP spring wheat production estimates was significant at the
 
10-percent level for each of the three spring wheat aggregations as a result
 
of a large LACIE undetestimate (as compared to the USDA/SRS estimate) for
 
Minnesota and moderate underestimates for the other three states.
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The LACIE USGP total wheat production estimates in August, September, and
 
October were significantly smaller than the corresponding USDA/SRS estimates
 
as a resul-t of the underestimate in the USNGP spring wheat region. The mag­
nitude of the relative difference between the two estimates decreased steadily
 
during the three reporting months because of increases in the LACIE estimate
 
and decreases in the dSDA/SRS estimate.
 
The CV's at regional levels for both winter and spring wheat production
 
estimates gradually decreased, indicating improvement in accuracy of the
 
LACIE production estimates.
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4. ASSESSMENT OF AREA ESTIMATION
 
Three major subjects are discussed in this section: (1)a comparison of LACIE
 
and USDA/SRS wheat area estimates (section 4.1); (2)a blind site investigation
 
of proportion estimation error (section 4.2); and (3) a discussion of classifi­
cation and sampling errors (section 4.3).
 
4.1 COMPARISON OF LACIE AND USDA/SRS AREA ESTIMATES
 
The LACIE and USDA/SRS area estimates are shown in figure 4-1 and table 4-I.
 
Since the statistics published in the February, April, and May CAS reports were
 
in error because of a software problem, statistical inferences are not given
 
here for the data in these reports.
 
The LACIE winter wheat area estimate at the five-state USSGP level increased
 
steadily during the season after recording a small decrease in the April 6
 
estimate (the first estimate using the Phase III allocation). Large negative
 
relative differences recorded in February and April are due to the comparison
 
of LACIE estimates of harvestable winter wheat area with USDA/SRS estimates of
 
planted winter wheat area. Since May, however, the relative difference between
 
the two estimates has ranged from -12.0 to +3.5 percent, improving steadily
 
over the 5-month period except for October.
 
Included in figure 4-1 is a plot of the Oklahoma winter wheat area estimate,
 
which recovered from a -164.1 percent relative difference in February to
 
-9.2 percent at the end of the season in October. Before May, the relative
 
difference was large because of low LACIE estimates and a high USDA/SRS esti­
mate. The USDA/SRS estimate is expected to be high at this time because it
 
is for planted (rather than harvested) wheat. In May, the relative differ­
ence improved (to -44.3 percent) due to an increase in the LACIE estimate and
 
a decrease in the USDA/SRS estimate. The decreased USDA/SRS estimate is an
 
estimate of harvested wheat. This estimate remained the same for the rest of
 
the season. The LACIE estimate steadily approached this USDA/SRS estimate from
 
May until September and then decreased slightly in October. There was no sig­
nificant difference (at the 10-percent level) between LACIE and USDA/SRS USSGP
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TABLE 4-1.- COMPARISON OF LACIE AND USDA/SRS AREA ESTIMATES
 
Area CRelative Value 
bUSDASRS LACIE difference of 
Region n/M 
Estimate Estimate CV 1976 CV 1977 1976 
test 
statistic 
(ac x 103) (ac x 10) ( ) (%) (%) (Z) 
February 8,1977 
WINTER WHEAT 
Colorado 21/3- 2740 2183 a 26 -25.5 20.0 
Kansas 65/84 13200 6719 a 12 -96.5 -63.5 
Nebraska 31/35 3300 2977 a 18 -10.8 24.4 
Oklahoma 27/40 7800 2953 a 24 -164.1 -90.0 
Texas 34/4S 6150 2954 a 25 -108.2 -98.7 
dUSSGP 178/240 33190 17786 a 9 -86.6 -46.0 a 
Montana 25/60 3050 2763 a a -10.4 a 
S. Dakota 12/33 1160 1044 a a -11.1 a 
6MWstates 37/93 4210 3807 a a -10.6 a a 
fUSGP-7 215/333 37400 21594 a a -73.2 a a 
April 6, 1977
 
WINTER WHEAT
 
-28.3 20.0Colorado 27/32 2740 2135 a 26 
Kansas 93/121 13200 6491 a 12 -103.4 -63.5 
18 -14.1 24.4Nebraska 48/67 3300 2892 a 
Oklahoma 40/46 7800 2943 a 24 -165.0 -90.O
 
a 25 -86.7 -98.7
Texas 27/38 6150 3294 
dUSSGP 235/304 33190 17755 a 9 -86.9 -46.0 a 
Montana 40/8A 3050 2274 a a -34.1 a 
S. Dakota 22/56- 1160 1721 a a 32.6 a 
eMW states 62/136 4210 3995 a a -5.4 a a 
fUSGP-7 297/440 37400 21750 a a -72.0 a a
 
n = number of segments used. *The LACIE estimate issignifi-

M = number of segments allocated. cantly different from the USDA/SRS
 
aData not available. estimate at the lO-percent level.
 
bprediction through April 22 NThe LACIE estimate isnot signifi­
2,
releas redictionembrough 2. cantly different from the USDA/SRS 
released an December 22. 1976. estimate at the 10-percent level. 
difference : LACIE USDA/SRS 100)%. gThe pure spring wheat states, 
i dMinnesota and N.Dakota.
 
dU.S. southern Great lains region. hU.S. northern Great Plains region.
 
eThe mixed wheat states, Montana iU.S. Great Plains region.
 
and S. Dakota.
 
fSeven-state winter wheat region
 
of U.S. Great Plains.
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TABLE 4-1.- Continued.
 
Area 
CRelativ Value 
Region n/M bUSDA/SRS LACIE difference of test 
Estimate (3c x 10) Estimate (ac x 10) (%) 1976 CV (%) 977 (%) 1976 Mt) 
atistic 
April 22, 1977 
WINTER WHEAT 
Colorado 27/32 2740 2189 a 26 -25.2 20.0 
Kansas 94/121 13200 6794 a 12 -94.3 -63.5 
Nebraska 48/67 3300 3072 a 18 -7.4 24.4 
Oklahoma 41/46 7800 3061 a 24 -154.8 -90.0 
Texas 29/38 6150 3517 a 25 -74.9 -98.7 
dUSSGP 239/304 33190 18633 a 9 -78.1 -46.0 a 
Montana 40/80 3050 2274 a a -34.1 a 
S. Dakota 22/56 1160 1721 a, a 32.6" a 
eMW states 62/136 4210 3995 a a -5.4 a a 
fUSGP-7 301/440 37400 22627 a a -65.3 a a 
May 9, 1977 
WINTER WHEAT 
Colorado 28/32 2290 3093 a 24 26.0 32.3 
Kansas 109/121 12000 10190 a 6 -17.8 -15.0 
Nebraska 48/67 3050 3169 '.a 13 3.8 19.2 
Oklahoma 45/46 6500 4506 a 16 -44.3 -48.8 
Texas 34/38 4400 4262 a 14 -3.2 18.9 
dUSSGP 264/304 28240 25220 a 6 -12.0 -3.2 a 
Montana 41/80 2800 2973 a a 5.8 a 
S. Dakota 24/56 750 2261 a a 66.8 a 
eMW states 65/136 3550 5234 a a 32.2 a a 
fUSGP-7 329/440 31790 30453 a a -4.4 a a 
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IJWLL 4-1.- LonzlnueU.
 
Area CRelative Value 
bUSDA/SRS LACIE difference of 
Region n/M test 
Estimate Estimate CV 1976 CV 1977 1976 statistic 
(ac x 103) (acxlo) (%)0 (%) (1) () 
June 7, 1977 
WINTER WHEAT 
Colorado 28/32 2360 3065 15.8 23 23.0 36.6 
Kansas 112/121 12000 10915 5.8 6 -9.9 -2.0 
Nebraska 50/67 3050 3610 12.1 12 15.5 28.1 
Oklahoma 45/46 6500 4875 9.0 14 -33.3 -39.8 
Texas 34/38 4400 4529 11.9 -15 2.8 14.4 
dUSSGP 269/304 28310 26994 4.2 5 -4.9 3.9 -1.17 N 
Montana 41/80' 2800 3253 19.2 193 13.9 518.9, 
S. Dakota 28/56 680 2601 34.0 43 73.9 10.3 
emw states 69/136 3480 5854 18.5 65 40.6 -146.5 2.19* 
fUSGP-7 338/440 31790 32848 4.8 6 3.2 -4.9 0.67 N 
July 11, 1977 
WINTER WHEAT 
Colorado 30/32 2360 2962 13.2 25 20.3 23.3 
Kansas 111/121 12300 11764 5.0 6 -4.6 -2.8 
Nebraska 52/67 3050 3475 12.4 11 12.2 27.4 
Oklahoma 42/46 6500 5264 8.5 15 -23.5 -56.5 
Texas 34/38 4600 4511 11.6 15 -2.0 -8.9 
dUSSGP 269/304 28810 27976 3.9 5 -3.0 -4.5 -G.77N 
Montana 58/80 2800 3097 12.3 52 9.6 -189.3 
S. Dakota 39/56 680 4629 12.6 23 85.3 29.8 
eMW states 97/136 3480 7726 9.0 25 55.0 -60.7 6.11* 
fUSGP-7 366/440 32290 35701 3.6 5 "9.6 -9.4 2.67* 
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TABLE 4-1.- Continued.
 
Area 
CRelative Value 
Region n/M USDA/SRS LACIE difference
________test of 
Estimate Estimate CV 1976 CV 1977 1976 statistic 
(ac x 103) (ac x l03) (%) (%) () () 
August 10, 1977 
WINTER WHEAT 
Colorado 31/32 2360 3059 11.7 24 22.9 22.3 
Kansas 105/121 12300 12385 4.9 5 0.7 -1.5 
Nebraska 40/67 3050 3423 -14.0 11 10.9 26.6 
Oklahoma 44/46 6500 5543 8.2 15 -17.3 -46.3 
Texas 33/38 4700 4311 16.1 16 -9.0 -9.0 
dUSSGP 253/304 28910 28721 4.1 5 -0.7 -3.2 -0.17N 
Montana 51/80 2800 2746 9.6 35 -2.0 -58.0 
S. Dakota 18/56 680 1353 39.0 23- *49-7" 29.8 
eMW states 69/136 3480 4099 14.4 22 15.1 -19.7 1.05N 
fUSGP-7 322/440 32390 32819 4.0 5 1.3 -5.0 0.33N 
SPRING WHEAT 
Minnesota 40/58 3202 2238 15.3 40 -43.1 -119.8 
N. Dakota 63/103 9530 6761 8.6 14 -41.0 -41.4 
95W states 103/161 12732 8999 7.E 13 -41.5 -55.2 -5 53* 
Montana 35/80 2185 1369 18.2 28 -59.6 -105.4 
S. Dakota 29/56 2332 2167 14.2 12 -7.6 5.5 
MW states 65/136 4517 3536 11. 12 -27.7 -32.4 -2.47* 
hUSNGP 167/297 17249 12535 6. 10 -37.6 -49.5 -6.06* 
TOTAL WHEAT 
Montana 62/80 4985 4115 8.1 19 -21.1 -75.6 
S. Dakota 38/56 3012 3520 13.' 13 14.4 15.4 
MW states. 100/136 7997 7635 18.E 11 -4.7 -26.0 -0.25" 
USNGP 203/297 20729 16634 13.1 9 -24.6 -43.4 -1.88* 
iJSGP . 456/601 49639 45355 3.j 5 -9.4 -18.7 -2.85* 
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TABLE 4-1.- Continued.
 
Area CRelative Value 
Region n/M bUSDA/SRS LACIE difference of 
R test 
Estimate Estimate CV 1976 CV 1977 1976 statistic 
(ac x 103) (ac x 1O3) j(%) I () (%) 
September 9, 1977 
WINTER WHEAT 
Colorado 25/32 2360 3059 10.3 24 22.9 18.6 
Kansas 107/121 12300 12501 4.5 5 1.6 -1.0 
Nebraska 44/67 3050 3105 11.4 11 1.8 11.7 
Oklahoma 38/46 6500 6074 7.2 14 -7.0 -47.9 
Texas 30/38 4700 4513 14.2 16 -4.1 -8.2 
dUSSGP 244/304 28910 29252 3.6 5 1.2 -6.2 0.33N 
Montana 39/80 2800 3597 7.3 29 22.2 -43.6 
S. Dakota 13/56 680 1039 36.3" 23 34.6 28.4 
eMW states 52/136 3480 4636 9.9 20 24.9 -14.2 2.52* 
fUSGP-7 296/440 32390 33888 3.4 5 4.4 -7.2 1.29 N 
SPRING WHEAT 
Minnesota 37/58 3202 2461 15.3 27 -30.1 -50.0 
N. Dakota 60/103 9530 8678 4.6 5 -9.8 -19.6 
9SW states 97/161 12732 11139 4.9 7 -14.3 -25.9 -2.92* 
Montana 30/80 2185 2187 12.2 23 0.1 -79.3 
S. Dakota 30/56 2332 2160 12.9 13 -8.0 2.1 
MW states 60/136 4517 4347 8.9 12 -3.9 -28.9 -0.44N 
hUSNGP 157/Z97 17249 15487 4.3 6 -11.4 -26.6 -2.65* 
TOTAL WHEAT 
Montana 53/80 4985 5784 6.2 14 13.8 -57.2 
S. Dakota 36/56 3012 3199 11.2 12 5.8 12.9 
MW states 89/136 7997 8983 13.9 9 11.0 -21.4 0.79 
USNGP 186/297 20729 20123 9.2 6 -3.0 -24.3 -0.33 N 
iUSGP 430/601 49639 49375 2.6 4 -0.5 -13.9 -0.19 N 
Ar
 
TABLE 4-1.- Concluded.
 
Area 
CRelative Value 
Region n/M bUSDA/SRS LACIE difference of 
Estimate Estimate CV 1976 CV 
-
1977 1976 
test 
atistic 
(ac x1) (ac x 101) M()(%) (%) (%) 
October 11, 1977 
WINTER WHEAT 
Colorado 23/31 2360 3432 9.6 24 31.2 18.6 
Kansas 108/121' 12300 12669 4.2 5 2.9 -1.0 
Nebraska 40/56 3050 3325 9.5 11 8.3 11.7 
Oklahoma 39/46 6500 5950 7.7 14 -9.2 -47.9 
Texas 28/35 4700 4581 12.9 16 -2.6 -8.2 
"dussGP' 238/289 28910 29957 3.4 5 3.5 -6.2 1.03 N 
Montana 42/58 2800 3416 7.7 28 18.0 -41.7 
S. Dakota 14/21 680 963 24.8 23 29.4 28.4 
eAW states 56/79 3480 4379 8.1 19 20.5 -13.3 2.53* 
fUSGP-7 294/368 32390 34336 3.2 5 5.7 -7.1 1.78" 
SPRING WHEAT 
Minnesota 37/47 3202 2289 9.9 30 -39.9 -74.1 
N. Dakota 70/103 9530 9173 4.4 5 -3.9 -18.5 
9SW states 107/150 12732 11462 4.0 7 -11.1 -28.8 -2.78* 
Montana 33/48 2185 2150 10.3 24 -1.6 -55.7 
S. Dakota 32/37 2332 1909 11.6 13 -22.2 1.4 
MWstates 65/85 4517 4059 7.7 12 -11.3 -22.4 -1.47N 
hUSNGP 172/235 17249 15521 3.6 6 -11.1 -27.3 -3.08* 
TOTAL WHEAT 
Montana 57/73 4985 5566 5.5 12 10.4 -47.5 
S. Dakota 38/45 3012 2872 9.5 12 -4.9 12.5 
MW states 95/118 7997 8438 12.0 8 5.2 -17.8 0.43N 
USNGP 202/274 20729 19900 7.7 5 -4.2 -24.7 -0.55
N 
iUSGP 440/557 49639 49857 2.4 4 0.4 -14.1 0.17 N 
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Figure 4-1.- LACIE and USDA/SRS acreage estimates (acres x 106).
 
(USDA/SRS estimates through April 22 are of seeded acres,
 
released on December 22, 1976.)
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winter wheat area estimates in the months for which statistics were available
 
(June through October).
 
At the USGP-7 level, the LACIE winter wheat area estimate increased steadily
 
through July, exceeding the corresponding USDA/SRS estimate before decreasing
 
inAugust because of a drop inthe winter wheat area estimate for the mixed
 
wheat states (Montana and South Dakota). The increase of the LACIE estimate
 
through July was due primarily to overestimation in South Dakota (see fig­
ure 4-1). The LACIE area estimate for that state grew to almost seven times
 
the corresponding USDA/SRS estimate inJuly. An investigation of this large
 
overestimation problem was conducted and isreported insection 6.3. As a
 
result of this investigation, the sample segments were redesignated by crop
 
type. The redesignation of sample segments in the August aggregation reduced
 
the LACIE estimate 70 percent and took the relative difference in South Dakota
 
from its July level of 85.3 percent to 49.3 percent.
 
The differences between the LACIE and USDA/SRS winter wheat area estimates for
 
the USGP-7 region were significant at the 10-percent level inJuly (because of
 
the -South Dakota overestimate) and also inOctober.
 
The LACIE USNGP spring wheat area estimate was significantly different from
 
that of the USDA/SRS for each of the three reporting periods (August, Septem­
ber, and October CMR's). Underestimates (as compared to USDA/SRS estimates)
 
were recorded for each of the four states in each of the three CMR's, although
 
an improvement in the comparison was recorded inthe September CMR, possibly
 
due to the screening procedure investigated by CAS in that aggregation.
 
The LACIE and USDA/SRS total wheat area estimates of September and October were
 
not significantly different at the 10-percent level, although those of August
 
were significantly different. The improvement inSeptember can be attributed
 
primarily to the improvement in the LACIE spring wheat area estimate discussed
 
above. The relative difference for the USGP total wheat area estimate
 
decreased inmagnitude from -9.4 percent inAugust to +0.4 percent inOctober.
 
The area CV's at regional levels decreased gradually. This indicates improve­
ment inthe accuracy of the LACIE area estimates.
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4.2 BLIND SITE INVESTIGATION OF PROPORTION ESTIMATION ERROR
 
This section contains a discussion of the wheat proportion estimation error
 
using the blind site wheat estimates and the corresponding dot-count ground­
truth proportion estimates for harvested wheat obtained by sampling the ground
 
truth at 400 specified dots (or pixels).
 
4.2.1 PROPORTION ESTIMATION ERROR
 
Blind site results for winter wheat and spring wheat are shown in figure 4-2
 
and tables 4-2 and 4-3. The CAMS proportions used are from the April 22,
 
July 11, and October 11, 1977, CAS reports. The estimates in these reports
 
were chosen because they were the latest proportion estimates from each interim
 
reporting period. Figure 4-2 shows plots of the proportion estimation error
 
X - X versus the dot-count ground-truth proportion X, where X is the ratioed­
down wheat proportion estimate. Plots for the USGP-7 winter wheat producing
 
region are included for the April 22, July 11, and October 11 GAS reports.
 
A plot for the USGP spring wheat producing region is included for the
 
October 11 GAS report, Points lying above the horizontal line X - X = 0
 
-correspond to overestimates of wheat proportions and points lying below the
 
line correspond to underestimates..
 
The tendency for CAMS to underestimate by a greater margin for segments with
 
larger proportions of wheat is exhibited by the plots for both winter and
 
spring wheat. It is evident, though, from the three winter wheat plots, that
 
this tendency became less pronounced as the season progressed. This gradual
 
improvement is due primarily to the.maturation and eventual harvest of the
 
wheat crop, although those allocation and aggregation modifications described
 
in section I of this report also improved the accuracy of the estimates.
 
Table 4-2 contains the results of the statistical analysis of the data for the
 
April -22 CUR, the July 11 CMR, and the October Il CMR. The following factors
 
are listed:
 
o The averaged wheat proportion estimate X
 
o The averaged dot-count ground-truth wheat proportion estimate
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TABLE 4-2.- WINTER WHEAT BLIND SITE RESULTS
 
90% confidence
Slimitsn2 -gion j 5 for pD
 
April 22, 1977
 
Colorado 11/32 14.4 22.2 -7.8 1.9 (-11.2,-4.4)* 
Kansas 19/121 16.0 27.6 -11.6 2.6 (-1i6.,-7.1)* 
Nebraska 17/67 19.7 16.3 3.4 2.8 (-1.5,8 .3)N
 
Oklahoma 16/46 17.9 36.7 -18.8 3.7 (-25.3,-12.3)*
 
Texas 5/38 20.1 30.2 -10.2 4.8 (-20.4,0.0)N
 
USSGP 68/304 17.4 26.2 -8.8 1.7 (-11.6,-6.0)*
 
Montana 9/80 7.9 1 (-9.9,-2.9)*
 
South Dakota 9/56 1.6 2. 4 0.8 C-i.g,.1) N
 
USGP-7 86/440 14.7 22.3 -7.7 1.4 (-10.0,-5.4)*
 
July 11, 1977
 
Colorado 11/32 16.0 21.4 -5.4 2.2 (-9.4,-1.4)* 
Kansas 22/121 21.4 27.1 -5.7 2.0 (-9.1,-2.3)* 
Nebraska 19/67 14.1 15.1 -1.0 1.5 (-3.6,1.6) N 
Oklahoma 16/46 27.8 36.0 -8.2 2.9 (-13.3,-3.1)* 
Texas 6/38 20.3 25.8 -5.5 3.0 ( .. )N 
USSGP 74/304 20.1 25.0 -5.0 1.1 (-6.8,-3.2)* 
MIontana 13/80 14.2 -2.84.80.8)* 
South Dakota 5/56 3.5 2.8 0.8I 8 3 4)N 
USGP-7 92/440 17.9 22.3 -4.4 0.9 (-5.9,-2.9)* 
October 11, 1977
 
Colorado 9/31 18.8 2 -3.2 2.0 (-6.9,0.5)N 
Kansas 21/121 26.3 2 -2.8 1.0 (-4.8,1.)* 
Nebraska 16/56 15.3 1 -2.2 1.3 (-4.5,0.1)N 
Oklahoma 13/46 34.8 3 -3.4 2.8 (-8 .4,1.6)N 
Texas 6/35 21.6 25.8 -4.2 2.3 (-8.8,0.4) N 
USSGP 66/289 24.0 25.9 -3.0 0.8 (-4.'3,-1.7)* 
Montana 14/58 13.5 -03 1.0 (-2.1,1.5) N 
South Dakota 3/21 3.0 -0.2 0.4 (-l. 4,1.O)N 
USGP-7 83/368 21.5 23.8 -2.4 0.7 (-3.6,-1.2)* 
LEGEND:
 
n = number of blind sites available 
M = number of sample segments allocated
 
X = average of wheat proportion estimates
 
X = average of dot-count ground-truth wheat proportion estimates for
 
harvested wheat
 
=X- X 
S-D= standard error of !Y
 
= 

UD population D
 
N = UD not significantly different from zero at the 10-percent level
 
* = P0 significantly different from zero at the 10-percent level 
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TABLE 4-3.- SPRING WHEAT BLIND SITE RESULTS
 
[October 11, 1977, CMR]
 
R S 90% confidence
 
Region n/H X SD limits for D
 
21.7 -3.5 2.3 (-7.6,0.6)N
 Minnesota* 13/47 18.2 

North Dakota 20/103 21.0 25.1 -4.1 1.5 (-6:7,-l.5)*
 
-3.4 2.1 (-7.2,0.4)N
 Montana 10/48 11.2 14.6 

-2.6 2.2 (-6.6,1.4)N
 South Dakota 10/37 8.4 11.0 

USNGP(S) 53/235 16.1 19.6 -3.5 1.0 (-5.2,-1.8)*
 
LEGEND:
 
"D significantly different from zero at the 10-percent level
 
N = "D not significantly different from zero at the 10-percent level
 
n = number of blind sites available
 
M = number of sample segments allocated
 
X = average of wheat proportion estimates
 
= average of dot-count-ground-truth wheat proportion estimates for
 
harvested wheat
 
* 1 
= X -x 
Sb = standard error ofU
 
UD = population 1
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Figure 4-2.- Plot of 	proportion estimation errors versus ground truth
 
proportions for blind sites.
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e The averaged difference D = X - X
 
9 The standard error of the averaged difference S6
 
v The 90-percent confidence limits for the population averaged difference 1D
 
The formulas for calculating these factors are given in appendix A.
 
To determine whether the average-difference for a particular state or region
 
is significantly different from zero, one may simply check whether the-corre-

If it does, the averaged difference
sponding confidence interval contains zero. 

is not significantly different from zero; i.e., there is insufficient evidence
 
to conclude that a bias exists due to proportion estimation error. If the
 
confidence interval does not contain zero, the hypothesis for no bias is re­
jected. The test is.performed at the 10-percent level of significance.
 
In the April 22 blind site results (table 4-2), the proportion estimation error
 
was significantly different from zero in both the USSGP and USGP-7 regions and
 
for all states of the USGP-7 region except Nebraska, Texas, and South Dakota.
 
The average difference in Oklahoma was a particularly large negative value.
 
Altaveraged differences in the April 22 investigation were negative except
 
for Nebraska. A negative average difference indicates that the average LACIE
 
proportion estimate is less than the average dot-count ground-truth proportion
 
estimate.
 
Blind site resuics ui Li uu y iIveiaL.on revealed average differences
 
smaller in magnitude than those for April 22 in both the USSGP and USGP-7
 
regions and in every state except South Dakota. Earlier in this section, it
 
'was noted that as the season progressed the tendency for LACIE to underestimate
 
for segments with larger proportions of wheat was less pronounced. All average
 
differences, except for South Dakota, were negative in the July 11 investiga­
tion. The average differences were significantly aifferent from zero in both
 
regions and in all states except Nebraska, Texas, and South Dakota.
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Results of the October winter wheat blind site investigation show that the
 
differences between X and X were again smaller in magnitude that those re­
corded in July in both winter wheat regions and in every winter wheat state
 
except Nebraska. The differences were significant only in the USSGP and
 
USGP-7 regions and in the state of Kansas. All average differences were
 
negative, indicating underestimation of wheat proportions.
 
The large underestimation problem in Oklahoma, as shown in the blind site
 
results for April 22 and July 11 data,,was remedied in the October 11 blind
 
site results and is no longer considered significant.
 
.Figure 4-2 contains plots for USGP spring wheat blind sites for the October
 
CMR. The USNGP(S) plot shows the tendency for LACIE to underestimate by a
 
greater margin for larger ground-truth proportions, similar to the winter
 
wheat plots.
 
Table 4-3 is a summary of the spring wheat blind site study corresponding to
 
the USNGP(S) plot. The average classification errors were negative for all
 
four spring wheat -states and were significantly different from zero in
 
North Dakota and for the USNGP region.
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4.3 SAMPLING AND CLASSIFICATION ERRORS
 
This study was performed for the purpose of () measuring the contributions
 
of classification and sampling errors to the within-stratum area variance and
 
(2)estimating the CV's of the area estimates due to classification and sam­
pling errors.
 
To estimate the within-stratum area variances due to classification and sam­
pling errors, one first constructs the following three basic regression
 
models:
 
o True segment proportion versus historical stratum proportion
 
* LACIEsegment proportion versus ground-truth segment proportion 
e LACIE segment proportion versus historical stratum proportion
 
These regression models are used to obtain, respectively, the estimates for
 
(1)the variance contribution due to sampling (often called sampling variance)
 
and the variance of the residuals resulting from regressing the current true
 
stratum proportion onto the historical stratum proportion, (2)the variance
 
contribution due to classification (often called classification-variance),
 
and (3)the classification and sampling variances. The maximum likelihood
 
estimation technique, assuming normality, is then used to obtain the optimal
 
estimates for sampling and classification variances. A detailed description
 
of this method is presented in appendix A (section A.3.1.5.1).
 
When the above-mentioned variance estimates are obtained, the ratio p of the
 
within-stratum sampling,variance estimate to the total within-stratum area
 
variance estimate can be calculated easily. Assuming that this ratio applies
 
to each zone and each higher region, the variances of the large area estimate
 
due to classification and sampling are given by
 
2 - p)V (4-1) 
and
 
2 P 2 (4-2)
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where n2, v2, and V2 denote the classification variance, the sampling vari­
ance, and -the area variance, respectively, for the large area estimate. Con­
sequently, the estimated CV of a large area estimate A due to classification
 
is given by
 
-CV(A/C) A (4-3) 
LJau LPC UZtIIIIaCeU CV of a large area estimate due to sampling is given by 
cv( ) (4-4)-
where CV(A/C) and CVUA/S) are often casually referred to as the classification
 
CV and sampling CV, respectively.
 
Estimates of these variances and CV's for the October LACIE estimates are
 
tabulated below.
 
Within- Variance component Percentage error Classi-

Duero to ficati Sampling
 
Crop stratum Due to Due to CV(%)
 
are classi-
vaiacefi-xat on sampling fication sampling CV (%)
 
Winter 
wheat 
USGP-7 104.1 41.6 62.5 40 60 2.0 2.5 
Spring 
wheat 
USNGP 65.6 26.2 39.4 40 60 2.3 2.8 
Total
 
wheat
 
USGP 100.4 39.6 60.8 40 60 1.5 1.9
 
These results show that the.sampling CV is larger than the classification CV
 
for winter, spring, and total wheat estimates. The indication is that sampling
 
contributes slightly more error to the area variance than does classification.
 
Moreover, winter wheat has smaller CV's for both classification and sampling
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than does spring wheat; i.e., there is less variability in the winter wheat
 
area estimates than in the spring wheat area estimates. For the USGP region,
 
the sampling CV for the total wheat area estimate is 1.9 percent, which is
 
well within the sampling accuracy goal of 2.3 percent.
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5. ASSESSMENT OF YIELD ESTIMATION
 
This section consists of a comparison of the LACIE and USDA/SRS yield estimates
 
and an assessment of the crop calendar model accuracy.
 
5.1 COMPARISON OF LACIE AND USDA/SRS YIELD ESTIMATES
 
Figure 5-1 and table 5-1 present the LACIE and USDA/SRS yield estimates. For
 
the first three CAS reports of Phase III (February 8, April 6, and April 22,
 
1977), no yield estimates were available from USDA/SRS. AA, for purposes of
 
comparison, "derived" USDA/SRS yield estimates by dividing the USDA/SRS pro­
duction estimates by the corresponding estimates of planted area. These yield
 
estimates remained unchanged through April at both regional leyels (USSGP and
 
USGP-7) since revised estimates were not released by the USDA/SRS until May.
 
The LACIE estimates of winter wheat yield for the USSGP and USGP-7 regions
 
remained relatively constant throughout Phase III. The LACIE USSGP estimates
 
ranged from 24.9 to 25.6 bushels per acre while the USGP-7 estimates ranged
 
from 25.5 to 25.8 bushels per acre. LACIE estimates were consistently below
 
the corresponding USDA/SRS estimates from May through October in both regions.
 
The differences between the LACIE and USDA/SRS estimates of yield for the
 
USSGP and USGP-7 regions were significant at the 10-percent level in every
 
month for which statistics were available (June through October) except August.
 
For the winter wheat states, relative differences for Oklahoma and Texas
 
through Phase III indicated a large underestimate when compared to the USDA/
 
SRS estimates. The trend term problem and the questionable precipitation
 
variable in the Center for Climatological and Environmental Assessment (CCEA)
 
yield models, either together or individually, may have contributed to the
 
large underestimation of yield. Specifically, the trend term, which depends
 
on a multitude of factors including irrigation, has been assumed to be zero
 
since 1960 (when the treaid curve leveled off) for the Oklahoma and Texas/
 
Oklahoma panhandle models. However, irrigation practices (largely concen­
trated in the panhandle) began in Texas after 1960. At any given time the
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TABLE 5-1.- COMPARISON OF LACIE AND USDA/SRS YIELD ESTIMATES
 
Yield
 
CRelative Value
 
bUSDA/SRS LACIE difference of
 
Region _test
 
statistic
 
Estimate Estimate CV 1976 CV 1977 1976
 
(bu/ac) (bu/ac) I (Z) I (%) (%) (%) 
February 8. 1977
 
WINTER WHEAT
 
Colorado 22.0 22.8 a 21 3.5 21.3
 
Kansas 27.0 28.9 a 
 12 6.6 22.4
 
Nebraska 30.0 30.2 a 14 0.7 19.6
 
Oklahoma 17.0 21.8 a 17 22.0 34.5
 
Texas 16.0 19.2 
 a 19 16.7 36.2
 
dUSSGP 22.5 25.6 a 7 12.1 28.3' a'
 
a a 2.6 a
Montana 26.0 26.7 

a 56.0 a
 
eMW states 22.1 26.9 a a 17.8 a a
 
S. Dakota 12.0 27.3 a 

fUSGP-7 22.5 25.8 a a 
 12.8 a a
 
April 6, 1977
 
WINTER WHEAT
 
22.8 a 21 3.5 21.3
Colorado 22.0 

a 12 6.6 22.4
Kansas 27.0 28.9 

19.6
Nebraska 30.0 30.6 a 14 2.0 

Oklahoma 17.0 21.7 a 17 21.7 34.5
 
Texas 16.0 19.2 a 19 16.7 36.2
 
dUSSGP 22.5 25.5 a 7 11.8 28.3 a
 
Montana 26.0 26.7 a a 2.6 a
 
S. Dakota 12.0 - 27.3 a a 56.0 a
 
em states 22.1 27.0 a a 18.1 a a
 
juSGP-7 22.5 25.7 a a 12.5 a [ 
aData not available. *The LACIE estimate issignifi­
cantly different from the USDA/SRS

bUSDA/S estimates through April 22 estimate at the 10-percent level.­
derived from estimates of seeded NThe LACIE estimate is not signifi­
acres and production released on
December 22, 1976. cantly different from the USDA/SRS
Decenber 22,fe1976. estimate at the 10-percent level.
 
CelativeC differenceUsD gThe pure spring wheat states,
 
= S 1 Minnesota and N. Dakota.LACIE. IO0)Z. 

dU.S. southern Great Plains region. hu.s. northern Great Plains region.
 
eThe mixed wheat states, Montana U.S. Great Plains region.
 
and S. Dakota.
 
fSeven-state winter whaat region
 
of U.S. Great Plains.
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TABLE 5-1.= Continued. 
Yield CRelative Value 
bUSDA/SRS LACIE difference of 
Region test 
Estimate Estimate CV 1976 CV 1977 sa1975 
(bu/ac) (bu/ac) M%) ( %) W 
April 22, 1977 
WINTER WHEAT 
Colorado 22.0 22.4 a 21 1.8 21.3 
Kansas 27.0 28.1 a 12 3.9 22.4 
Nebraska 30.0 31.4 a 14 4.5 19.6 
Oklahoma 17.0 21.0 a 17 19.0 34.5 
Texas 16.0 18.1 a 19 11.6 36.2 
dUSSGP 22.5 24.9 a 7 9.6 28.3 a 
Montana 26.0 28.9 a a 10.0 a 
S. Dakota 12.0 26.8 a a 55.2 a 
eMW states 22.1 28.0 a a 21.1 a a 
fUSGP-7 22.5 25.5 a a 11.8 a a 
May 9,1977 
WINTER WHEAT 
Colorado 24.0 22.8 a 20 -5.3 -11.7 
Kansas 32.0 28.1 a 10 -13.9 7'0 
Nebraska 34.0 31.3 a 14 -8.6 -6.0 
Oklahoma 25.0 21.2 a 14 -17.9 3.2 
Texas 23.0 19.5 a 13 -17.9 0.6 
dUSSGP 28.6 25.2 a 6 -13.5 1.6 a 
Montana 27.0 28.8 a a 6.3 a 
S.Dakota 20.0 26.0 a a 23.1 a 
eMW states 25S, 27.6 a a 7.6 a a 
fUSGP-7 28.2 25.6 a a -10.2 a a 
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TABLE 5-1.- Continued. 
Yield CRelative Value 
bUSDA/SRS LACIE difference of 
Region test 
statistic 
Estimate 
(bu/ac) 
Estimate 
(bu/ac) 
CV(%) 1976 CV(%) 1977%) 1976(%) 
June 7, 1977 
WINTER WHEAT 
Colorado 24.0 23.6 16.9 17 -1.7 -7.8 
Kansas 33.0 28.3 10.6 9 -16.6 16.1 
Nebraska 35.0 30.1 6.6 13 -16.3 -5.1 
Oklahoma 26.0- 19.8 5.1 10 -31.3 3.9 
Texas 25.0 20.3 4.9 12 -23.2 2.7 
dUSSGP 29.6 25.1 4.0 5 -17.9 7.6 -2.98* 
Montana 27.0 28.1 14.2 12 3.9 -8.3 
S. Dakota 20.0 26.0 19.2 15 23.1 26.5 
eMW states 25.6 27.2 11.0 9 5.9 0 0.54N 
fUSGP-7 29.2 25.5 3.9 5 -14.5 6.4 -2.88* 
July 11, 1977 
WINTER WHEAT 
Colorado 23.0 22.5 14.8 17 -2.2 -22.2 
Kansas 31.0 28.8 9.7 9 -7.6 6.1 
-Nebraska 35.C 32.2 9.3 12 -8.7 0 
Oklahoma 26.0 19.9 10.7 10 -30.7 -4.8 
Texas 25.0 20.3 10.1 12 -23.2 -12.3 
dussGP 28.7 25.5 5.5 5 -12.5 0.8 -2.27* 
Montana 27.0 26.5 12.1 9 -1.9 -7.6 
S. Dakota 24.0 26.6 16.9 15 9.8 47.4 
eMW states 26.4 26.6 a 9 0.8 8.7 a 
fUSGP-7 28.f 25.8 5.3 5 -10.1 1.1 -I.91* 
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TABLE 5-1.- Continued.
 
Yield
 CRelative Value
 
bUSDA/SRS LACIE difference of
 
Region Rtest
 
statistic
 
Estimate Estimate CV 1976 CV 1977 1976 
(bu/ac) (bu/ac) (%) () () () 
August 10, 1977
 
WINTER WHEAT
 
Colorado 23.0 22.5 14.8 17 -2.2 -24.3
 
Kansas 28.5 28.8 9.7 9 -1.0 4.5
 
Nebraska 35.0 32.1 9.7 12 -9.0 0
 
Oklahoma 27.0 19.9 10.7 10 -35.7 -5.3
 
Texas 25.0 20.3 11.8 20 -23.2 -17.6
 
dUSSGP 27.8 25.6 5.7 5 -8.6 -0.8 -1.51 N
 
Montana 27.0 26.5 12.1 9 -1.9 -9.6
 
S. Dakota 27.0 27.1 18.5 14 -0.4 37.5
 
eMW states 27.0 26.7 9.8 8 -1.l 3.4 -0.11 N
 
fUSGP-7 27.7 25.7 5.2 5 -7.8 -0.7 -1.50 N
 
SPRING WHEAT
 
Minnesota 40.9 31.8 10.4 11 -28.6 -0.3
 
N. Dakota 25.0 23.3 12.1 . 11 -7.3 14.8 
9SW states 29.0 25.4 10.0 9 -14.2 9.5 -1.42 
Montana 22.9 18.0 14.0 '9 -27.2 -5.4
 
S. Dakota 24.9 20.8 11.6 14 -19.7 41.4
 
MW states 24.0 19.7 8.9 9 -21.8 4..5 -2.45*
 
hUSNGP 27.7 23.8 8.0 7 -16.4 7.6 -2.05*
 
TOTAL WHEAT
 
Montana 25.2 23.6 a 4 -6.8 -6.8
 
S. Dakota 25.4 23.2 a 5 -9.5 42.0
 
MW states 25.3 23.4 a 4 -8.1 4.8 a
 
USNGP 27.6 24.5 a 6 -12.7 *7.4 a
 
1USGP 27.7 25.2 a 4 -9.9 2.6 a
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TABLE 5-1.- Continued.
 
Yield
 CRelative Value
 
bus SLACE difference of
 
Region DA/SRS LACIE test
 
statistic
 
Estimate Estimate CV 1976 CV 1977 1976 
(bu/ac) (bu/ac) W (%) () (%) 
September 9, 1977
 
WINTER WHEAT
 
Colorado 23.0 22.5 14.8 17 -2.2 -12.2
 
Kansas 28.5 28.8 9.7 9 1.0 4.5
 
Nebraska 35.0 32.0 9.3 12 -9.4 2.1
 
Oklahoma 27.0 20.0 10.2 10 -35.0 -6.2
 
Texas 25.0 20.3 11.1 5 -23.2 -17.6
 
dUSSGP 27.8 25.4 5.5 5 -9.4 -0.4 -1.71*
 
Montana 28.0 26.5 12.1 9 -5.7 -7.0
 
S. Dakota 27 0 27.1 18.5 14 0.4 39.9
 
eMW states 27.8 26.6 10.2 8 -4.5 6.2 -0.44N
 
fUSGP-7 27.8 25.5 5.1 5 -9.0 -1.76*
0.4 

SPRING WHEAT
 
Minnesota 40.9 32.0 ll.O 11 -27.8 -12.5
 
N. Dakota 24.0 23.1 12.3 11 -3.9 4.1
 
gSW states 28.2 25.1 10.4 9 -12.4 -1.1 -. g
19N
 
Montana 22.0 18.0 14.C 9 -22.2 -4.0
 
S. Dakota 24.0 20.8 11.6 13 -15.4 30.4
 
MW states 23.0 19.4 8.8 8 -18.6 1.9 -2.11*
 
husNGP 26.9 23.5 8.1 7 -14.5 -0.4 -1.79*
 
TOTAL WHEAT
 
Montana 25.4 23.3 a 5 -9.0 -5.2
 
S. Dakota 24.7 22.9 a 5 -7.9 38.1
 
MW states 25.1 23.1 a 4 -8.7 5.4
 
USNGP 27.0 23.7 a 7 -13.9 1.5 a
 
iUSGP 27.5 24.7 a 4 -11.3 0,4 a
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TABLE 5-1.- Concluded.
 
Yield CRelative Value 
Region 
bUSDA/SRS 
Estimate 
LACIE 
Estimate CV 
I I 
1976 CV 
difference 
1977 1976 
of 
test 
statistic 
(bu/ac) (bu/ac) (%) () (%) (%) 
October 11, 1977 
WINTER WHEAT 
Colorado 23.0 22.5 14.8 17 -2.2 -12.2 
Kansas 28.5 28.8 9.7 9 1.0 4.5 
Nebraska 35.0 31.9 9.4 12 -9.7 2.1 
Oklahoma 27.0 20.0 10.2 10 -35.0 -9.3 
Texas 25.0 .20.3 11.4 5 -23.2 -17.6 
dUSSGP 27.8 25.4 5.6 5 -9.4 -0.4 -1.68* 
Montana 28.0 26.5 12.1 9 -5.7 -7.0 
S. Dakota 27.0 27.1 18.5 14 0.4 39.9 
eW states 27.8 26.6 10.2 8 -4.5 6.2 -0.44 N 
fUSGP-7 27.8 25.5 5.1 5 -9.0 0.4 -1.76" 
SPRING WHEAT 
Minnesota 38.9 32.0 10.8 11 -21.6 -8.9 
N. Dakota 24.1 23.0 12.4 11 -4.8 7.0 
gSW states- 27.9 24.8 10.5 9 -12.5 2.2 -1.19 N 
Montana 23.2 18.0 14.0 9 -28.9 -6.3 
S. Dakqta 24.0 20.8 11.6 13 -15.4 30.8 
MW states 23.6 19.3 9.1 8 -22.3 2.3 -2.45* 
hUSNGP 26.7 23.4 8.5 - 7 -14.1 1.9 -1.66* 
TOTAL WHEAT 
Montana 25.9 23.2 14.5 5 -11.6 -6.6 
S. Dakota 24.7 22.9 18.9 5 -7.9 38.1 
MW states 25.4 23.1 15.9 4 -10.0 5.4 -0.63N 
USNGP 26.9 24.1 11.6 6 -11.6 3.0 -I.00 N 
iUSGP 27.5 24.9 . 5.71 4 -10.4 1.1 -1.82* 
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Figure 5-1.- LACIE and USDA/SRS yield estimates (bushels/acre). [USDA/SRS
 
yield estimates through April 22 derived from predicted production and
 
seeded acres estimates released on December 22, 1976.]
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yield may vary around the trend curve according to the weather. The three
 
Texas models show that the yields do'fall above the CCEA trend for 1977, This
 
indicates that the weather has been good, yet the LACIE estimate is still
 
approximately 20 percent below the USDA/SRS estimate. In addition to the
 
trend factor the May precipitation variable has demonstrated inconsistency in
 
the models. The fact that above-normal rainfall detracted from yield in the
 
Texas low plains and Oklahoma models, but added to yield in the panhandle
 
model, may indicate that the models are not reflecting plant response to the
 
full range of weather over the two states.
 
For the mixed wheat states, the difference between the LACIE and USDA/SRS
 
estimates of winter wheat yield was not significant in every month for which
 
statistics were available.
 
The LACIE estimates of yield for the four USNGP spring wheat producing states
 
were consistently below their USDA/SRS-counterparts, although the relative
 
difference decreased in magnitude in each successive report. The difference
 
between the LACIE and USDA/SRS yield estimates for the USNGP region was sig­
nificant at the 10-percent level for each of the three months in which LACIE
 
estimates were available (August, September, and October), although that of
 
the October estimate was only marginally significant. All state-level LACIE
 
spring wheat yield estimates were below their USDA/SRS counterparts.
 
The LACIE total wheat yield estimates for the USGP region were below the cor­
responding USDA/SRS estimates in August, September, and October. Total wheat
 
yield statistics were not available in August and September CMR's. The dif­
ference between the LACIE and USDA/SRS October total wheat yield estimates
 
for the USGP region was significant at the 10-percent level. The differences
 
between LACIE and SRS yield estimates in Oklahoma, Texas, Minnesota, and
 
Montana were the principal causes for LACIE's failure to meet the
 
90/90 criteria.
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5.2 CROP CALENDAR MODEL ACCURACY
 
Crop growth stage estimation based on current year weather conditions serves
 
two vital components of LACIE: CAMS and the Yield Estimation Subsystem (YES).
 
Initially, CAMS relies on the crop growth information early in the year to
 
determine whether the wheat is sufficiently emerged to be detectable. Once
 
the Robertson model predicts the crop to have emerged (Robertson stage 2.0)
 
analysis of the segment for wheat percentage is initiated. The winter wheat
 
crop is monitored also to ascertain if it has emerged from dormancy. In some
 
northerly regions of the winter wheat producing states of the USGP, crop esti­
mates are not attempted during dormancy because the canopy is too sparse. The
 
next major growth period of interest to CAMS is the period after dormancy to
 
heading, when the analyst relies on the Robertson crop stage to ascertain the
 
approximate expected intensity of the wheat vegetation signature in compari­
son to other spring-planted crops. Heading to senescence or maturity is
 
another key stage in the separation of wheat from other vegetation. During
 
this stage, the appearance of the wheat is significantly different from other
 
vegetation types. Senescence to harvest and postharvest are very important
 
to the analyst because the Landsat acquisitions during this period permit him
 
to verify his early-season identifications of wheat. (Wheat, other small
 
grains, and grasses mature and are harvested during this period.)
 
This very general description of the crop calendar function in CAMS aids in
 
qualitatively understanding the effect of growth stage prediction errors.
 
For example, if the Robertson model predicts full emergence at a date ear­
lier than crops are fully emerged (growth model is ahead of actual progress),
 
CAMS will analyze the segment in a period when some amount (depending on the
 
magnitude of the growth model prediction error) of the wheat is incompletely
 
,emerged. Since incompletely emerged wheat fields will go undetected by the
 
analyst, the growth model prediction error can result in a negative bias in
 
the segment proportion estimate. In all cases, if the model predictions run
 
too far ahead of the actual growth stage, the analyst will anticipate an onset
 
of changing signatures within the segment, which will not occur at the pre­
dicted rate. Thus, if the growth model predicts 90-percent senescence within
 
the segment and the analyst bases his labeling decision on this fact, certain
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fields could be discarded as being nonwheat because a senescent signature was
 
expected and the analyst did not observe a change.
 
Inasmuch as the interactions between the growth model prediction errors and
 
CAMS errors are not fully understood and their relationships tp each other
 
remain unquantified, substantial prediction errors in the model could result
 
in substantial errors in analyst'labeling.
 
The currently implemented operational yield models in LACIE do not depend on
 
the crop growth model. However, the response of wheat yield to meteorological
 
conditions is known to depend quite strongly on the growth stage at which
 
these conditions are present. For example, high temperatures after wheat
 
maturity do not affect yields in the same way they do during heading. The
 
second-generation yield models being evaluated for LACIE in Phase III depend
 
on the crop growth models; the effects of certain meteorologically related
 
variables are weighted differently, depending on the estimated growth stage
 
of the plant. Thus, errors in.the growth model can strongly influence the
 
yield estimation error; e.g., if high temperatures are experienced the last 2
 
weeks in May in an area where heading is occurring and the growth model (run­
ning fast) is predicting that the crop is ripe, the second-generation yield
 
models will fail to predict the actual reduction in yield.
 
As stated, the relationship between the growth model prediction errors and
 
the yield estimation errors is not completely understood, and the effects
 
have not been quantified.
 
The accuracy assessment effort within LACIE has designed an evaluation of the
 
cdop growth models, utilizing ground-acquired information from intensive test
 
sites (ITS's) in the yardstick region. This evaluation was conducted over
 
eight winter wheat ITS's in Kansas and Texas during Phase IIand was expanded
 
in Phase III to include 22 ITS's throughout the United States and 11 ITS's
 
in Canada (figures 5-2 and 5-3).
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Within each of these ITS's, the average ground-observed growth stage for the
 
wheat crop is calculated from periodic field-by-field observations obtained
 
by personnel from the USDA Agricultural Stabilization and Conservation Ser­
vice (ASCS). ASCS personnel record detailed information regarding each field
 
on the form shown in figure 5-4. The observer specifies the growth stage of
 
each field to be one of the 10 stages listed on this form. All sites are
 
visited each 18 days by ASCS field personnel, except for the Finney County,
 
Kansas, and Hand County, South Dakota "supersites," which are visited every 9
 
days. The 11 ITS's in Canada are monitored each 18 days by personnel from the
 
Canadian Agriculture Department.
 
The crop calendar model used by LACIE is a modification of the Biometeorolog­
ical Time Scale (BMTS) developed by Robertson. The Robertson BMTS estimates
 
the stages for the progress of wheat crop development from planting to harvest
 
(table 5-2). Daily maximum and minimum temperatures and day length are vari­
ables used to implement this model, which is often referred to as the Adjus­
table Crop Calendar (ACC).
 
All of the growth stages defined by Robertson in the BMTS model development
 
are not easily observable by field personnel. For example, BMTS stage 3.0
 
(jointing) can be observed only by plant dissection. Thus, a different set
 
of stages has been developed for ground observations. The ground-observed
 
growth stage of each ITS must be developed by relating the ITS growth-stage
 
observations to the related BMTS.stage. After planting, the earliest stage
 
at which there is no ambiguity in this relationship is at heading. The BMTS
 
stage 3.0 (jointing) is'known to occur after tillering and before booting,
 
which are observable by ground personnel. Thus, jointing is estimated by
 
extrapolating between these observations. An error as large as a few days is
 
customary in relating ground observations to BMTS stages. It should be kept
 
in mind that heading is the most valid comparison as the results of the ACC
 
are reviewed.
 
The ACC is published biweekly in a meteorological summary for all regions
 
being exnminod hv LACIE. The BMTS stages of wheat are based on inputs from
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TABLE 5-2.- ROBERTSON BMTS AND OBSERVED ITS WHEAT
 
PHENOLOGICAL STAGES
 
Robertson ITS growth
 
Stage BMTS stage code Description
 
Planted 1.0 01 	 Planted
 
02 Planted, no emergence
 
Emergence 2.0 03 	 Emergence
 
Jointing 3.0 04 	 Tillering, prebooting, pre­
budding
 
3.5 	 05 Booted or budded
 
Heading 4.0 06 	 Beginning to head or flower
 
4.5 	 07 Fully headed or flowered
 
Soft dough 5.0 08 	 Beginning to ripen
 
Ripening 6.0 09 	 Ripe to mature
 
Harvest 7.0 10 	 Harvest
 
each reporting meteorological station. These estimates are then utilized to
 
develop BMTS contours as shown in figure 5-5. The ITS BMTS estimate is then
 
determined from its location on this contour map and compared to that deter­
mined by ground observations. Such a comparison is shown in figures 5-6 and
 
5-7 for two ITS's. The standard deviation 	(±lc) of these ground-observed
 
estimates on a field-to-field basis is also shown in these figures. Note in
 
the Oldham County, Te;.as, example that the ground-computed stage contains the
 
ACC-estimated stage within one standard deviation in the periods from mid­
jointing (3.5) to soft dough (5.0). Before 3.5 and after 5.0, the ACC was
 
ahead of the ground truth by a few days and more than one standard deviation.
 
However, in most cases, the ACC BMTS estimate was somewhat more accurate than
 
assuming a normal or average growth stage. In Finney County, Kansas, the
 
historic data indicated approximately as well as the BMTS, and both were
 
relatively close to the ground-observed information.
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Figure 5-5.- Winter wheat BMTS isolines as predicted by the
 
LACIE ACC meteorological data through May 1, 1977.
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Figure 5-6.- Comparison of observed and predicted crop calendar stages for
 
Oldham County, Texas.
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Figure 5-7.--Comparison of observed and predicted crop calendar stages for
 
Finney County, Kansas.
 
Tables 5-3, 5-4, and 5-5 display the differences in days at which each of the
 
BMTS stages was estimated by ground observations and by the LACIE ACC. At
 
heading, the standard deviation of the ground observations is about 6 to 9
 
days. A difference between the ground-observed and ACC estimates larger than
 
±la occurred in only three of the ITS's in the U.S. While statistical anal­
yses of these data have not been concluded at this writing, it would appear
 
that the computed differences between the ground-observed and ACC-estimated
 
BMTS stages are not significant in terms of the experimental error. However,
 
some trends were noted. In the winter wheat region, the ACC was consistently
 
ahead of the ground observations at BMTS stages 5.0 and 6.0 (soft dough and
 
ripening) and at jointing.
 
While these results do not conclusively demonstrate crop calendar inadequa­
cies, several issues must be addressed before the ACC technology can be con­
sidered adequate. For CAMS, the analyst must know, early in the season, the
 
expected spectral appearance of the wheat canopy. This signature, however,
 
is related not only to the wheat growth stage but also to other factors; e.g.,
 
whether the field is irrigated and if it was fallowed the previous year, and
 
the soil color. Thus, a signature model incorporating th&ACC.parameter as
 
input would be a more desirable product from the analyst's point of view.
 
Another major issue to be addressed is understanding just how crop calendar
 
errors affect labeling accuracy. As mentioned at the beginning of this sec­
tion, these effects are only qualitatively understood at present.
 
Whatever the ACC model requirements, the model can be improved for winter
 
wheat by developing an additional model to predict the actual planting date.
 
Currently, the LACIE ACC is "started" (i.e., the clock is set to 1.0 and
 
meteorological data are fed to the model) on a date determined to be the his­
torical average planting date for the Crop Reporting District (CRD) in which
 
the segment is situated. Since this average planting date can vary consider­
ably from one year to the ndxt, a sizable error can be introduced into
 
growth stage estimation before dormancy for winter wheat. In tests where the
 
ACC has been "started" based on the ground-observed planting date, the ACC
 
BMTS estimates have been more accurate prior to dormancy.
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TABLE L-3.- COMPARISON OF LACIE ACC WITH OBSERVED
 
STAGES IN THE WINTER WHEAT ITS'S
 
[Monitoring ACC data (indays) between
 
TTS and ACC development stages]
 
Jointing Heading Soft Ripening

dough
ITS, county/state 

3.0 3.5 4.0 4.5 5.0 6.0
 
Randall/Tex. 3 7 5 4 8 8 
Deaf Smith/Tex. (a) (a) (a) (a) (a) (a) 
Oldham/Tex. -4 17 17 9 9 8 
Finney/Kans. 4 5 -3 3 8 -5 
Rice/Kans. -12 0 -5 -14 0 7 
Ellis/Kans. -11 -3 -8 -15 1 -11 
Saline/Kans. 4 0 -3 -3 6 11 
Morton/Kans. 2 0 1 0 5 8 
Shelby/Ind. 10 -1 -3 -1 -4 2 
Madison/Ind. 10 6 1 0 8 5 
Boone/Ind. 10 9 2 0 2 5 
Oneida/Idaho -11 -7 -7 -7 -5 (a) 
Franklin/Idaho (a) (a) (a) 1 4 (a) 
Bannock/Idaho 15 3 0 -1 8 (a) 
Whitman (1)/Wash. (a) (a) (a) (a) (a) (a) 
Whitman (2)/Wash. -5 10 -3 -9 2 7 
Whitman (3)/Wash. (a) (a) (a) (a) (a) (a) 
Hill/Mont. 3 -8 -9 -10 5 (a) 
Liberty/Mont. (b) (b) (b) (b) (b) (b) 
Hand (1)/S. Dak. 17 5 -5 0 (a) (a) 
Hand (2)/S. Dak. 17 (a) (a) (a) (a) (a) 
Toole/Mont. -4 -8 1-6 -9 -8 (a) 
aNo data.
 
bNo winter wheat.
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TABLE 5-4.- COMPARISON OF LACIE ACC WITH OBSERVED
 
STAGES IN THE SPRING WHEAT ITS'S 
ITS, county/state 
Jointing Heading Softdough Ripening 
3.0 3.5 4.0 4.5 5.0 6.0 
Hand (1)/S. Dak. -10 -5 -2 -8 (a) (a) 
Hand (2)/S. Dak. (a) (a) (a) (a) (a) (a) 
Burke/N. Dak. (a) (a) (a) (a) (a) (a) 
Divide/N. Dak. (a) (a) (a) (a) (a) (a) 
Williams/N. Dak. (a) 5 2 4 12 (a)' 
Hill/Mont. 10 12 6 6 15 (a) 
Liberty/Mont. -19 (a) (a) (a) (a) (a) 
Toole/Mont. 2 (a) -1 6 (a) (a) 
West Polk/Mont. -7 -5 -2 6 (a) (a) 
aNo data. 
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TABLE 5-5.- COMPARISON OF LACIE ACC WITH OBSERVED
 
STAGES IN THE CANADIAN ITS'S 
ITS, town/province 
Jointing Heading Softdough Ripening 
3.0 3.5 4.0 4.5 5.0 6.0 
Ft. Sask./Ata. -1 0 -7 (a) (a) (a) 
Olds/Alta. 10 7 (a) (a) (a) (a) 
Lethbridge/Alta.. 12 13 10 (a) (a) (a) 
Melfort/Sask. 9 9 7 (a) (a) (a) 
Delisle/Sask. 11 5 0 (a) (a) (a) 
Swift Current/Sask. 9 5 -4 (a) (a) (a) 
Torquay/Sask. 7 3 -2 (a) (a) (a) 
Stony Mt./Man. 6 3 1 2 (a) (a) 
Starbuck/Man. 4 0 -3 -3 (a) (a) 
Altona/Man. 3 -1 -8 -9 (a) (a) 
Dawson Creek/B.C. -5 (a) (a) (a) (a) (a) 
aNo data. 
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6. ACCURACY ASSESSMENT SPECIAL STUDIES
 
This section presents the results of special studies which were done by
 
various AA groups during the LACIE Phase III. These special studies include
 
(1)dot labeling errors for ITS's, (2)effect of analyst, acquisition history
 
and bias correction, (3)investigations of the winter wheat area overestimation
 
problem in South Dakota, (4)comparison of ratioed and direct wheat aggrega­
tions for North Dakota,and (5)effect of the objective thresholding procedure.
 
6.1 ITS STUDY OF DOT LABELING ERRORS
 
By mid-September of 1977 there were 108 acquisitions from 16 ITS's in the USGP
 
states. Reliable classifications and ground truth data were available to per­
mit the tabulation and grouping of labeling errors for type-2 dots (bias cor­
rection dots) from the latest classification of 13 of these ITS's.
 
In table 6-1 the errors were divided into errors of omission, errors of com­
mission, and errors associated with border/edge pixels. The errors of omis­
sion and commission were subdivided into two categories according to whether
 
the pixel did or did not follow the normal wheat development sequence.
 
The errors of omission where the pixel did follow the normal wheat development
 
sequence were then -further subdivided in accordance with wheat development in
 
the-ITS, i.e., whether the development of most of the wheat fields in the ITS
 
was in accordance with, behind, or ahead of the development expected from the
 
Robertson biostage as determined from the ACC.
 
The errors of commission where the pixel did follow the normal wheat develop­
ment sequence were subdivided into nonwheat and volunteer wheat pixels. The
 
-identification of volunteer wheat as wheat is considered to be an error
 
because it is not-usually harvested.
 
A total of 978 type-2 dots.were labeled by analysts for the 13 ITS's and 94
 
(9.6 percent) were incorrectly labeled. Errors of omission (64 of 326, or
 
19.6 percent) exceeded errors of commission (30 of 652, or 4.6 percent).
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TABLE 6-1.- ERRORS OF OMISSION AND COMMISSION
 
Errors of omission Errors of commission
 
Did the dot follow the normal wheat development sequence?

Yes edge Errors
 
Reason Ye_ Yes pixel 
Normala Developed Developed No But not Volunteer No Total Total 
development latea earlya wheat wheat dots 
No. % No. % No. % No. % No. % No. % No. % No. % No. % 
Necessary acquisitions 6 6.4 6 6.4 0.6 
not available
 
Poor stand of wheat 3 3.2 1 1.1 4 4.3 0.4
 
Late planting, emergence, 10 10.6 24 25.5 2 2.1 36 38.3 3.7
 
or development
 
Difficulties caused by 2 2.1 2 2.1 0.2
 
narrow strip fields
 
I, bN) Clerical error 13 13.8 4 4.3 17 18.1 1.7 
Confused with other crops 9 9.6 2 2.1 4 4.3 1 1.1 16 17.0 1.6 
Border edge pixel 3 3.2 3 3.2 0.3 
Unknown 1 1.1 2 2.1 6 6.4 1 1.1 10 10.6 1.0 
Total 32 34.0 28 29.8 4 4.3 9 9.6 4 4.3 16 17.0 1 1.1 94 100.0 9.6 
aDevelopment refers to the development of most of the wheat fields inthe ITS relative to the Robertson blostage of the adjustable 
crop calendar.
 
bclerical error:
 
1. Wrong acquisition requested for classification. Analyst simply wrote the wrong number inadvertently.

2. Pixel misidentified by mistake. Same signature on other pixels was consistently identified as nonwheat.
 
The largest single cause of labeling errors was late planting, emergence, or
 
development of small grains. This category of error accounted for 36
 
(38.3 percent) of the total errors. Other major causes of errors were anal­
yst errors (17 errors,-or 18.1 percent), and confusion with other crops (16
 
errors, or 17.0 percent).
 
Most errors were categorized with approximately equal weight given to each of
 
the following reasons:
 
a. 	Omission errors because the signatures were unusual in an otherwise normal
 
temporal development pattern
 
b. 	Omission errors because the wheat fields were well behind the normal
 
development pattern according to the ACC.
 
c. Commission errors because the wheat signature was confused with other
 
signatures for a variety of reasons, mainly confusion with native vegeta­
tion or hay.
 
Similarly, the three greatest causes of error were: late emergence, inconsis­
tencies in labeling, and confusion with other crops.
 
Table 6-2 shows the types and causes of labeling errors for each of the 13
 
ITS's. Only 4 of the 13 ITS's had more than 10 labeling errors and in each
 
one many of the errors had the same cause. In the Hand County #2 segment, all
 
eight errors of omission were normally developed wheat which was confused
 
with native pasture. In Morton County all 13 omission errors were late
 
emerged or developed wheat which was confused with hay. Ten of the errors
 
of omission in Rice County were normally developed wheat with an unusual color
 
signature .(such as purple, magenta, or brown). Six of the errors of commission
 
in Randall County were nonwheat pixels which appeared to be wheat on available
 
acquisitions. (Additional acquisitions were needed.)
 
6.2 	EFFECTS OF ANALYST INTERPRETER (AW'ACQUISITION HISTORY, AND BIAS
 
CORRECTION ON PROPORTION ESTIMATION ERROR
 
The Image 100 processor and data from eight U.S. blind sites were used in an
 
experiment wherein each site was analyzed by three AI's to give a procedure 1
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TABLE 6-2.- LABELING OF ERRORS AT SEGMENT LEVEL
 
00 
SWheat dots Other dots 0 
'1) 
:rlaesc 
;'A~c 
labels 
0 
0 
>. 
0, 
0 ,W~Ci 
4F 
1687 Hand #1, SD 2 1 15.9 26 2 7.7 72 8 11.1 10 10.2 4 4 2 
1986 Hand #2, SD '4-3 a 3-2 1.3 9 8 88.9 89 3 3.4 11 11.2 10 1 
1961 
1962 
Morton, 
Saline, 
KS 
KS 
3 
5 
2 
3 
42.8 
62.9 
35 
36 
13 
1 
37.1 
2.8 
64 
24 
0 
4 
O 
16.7 
13 
5 
13.1 
8.3 
13 
1 3 1 
1963 Rice, KS 6 4 35.0 23 11 47.8 37 0 0 11 18.3 10 1 
1964 Elvis, KS 
1988 Finney, KS 
1970 Liberty, MT 
1971 Hill, 
5 
3 
1 
oT4 
3 48.3 
2 2.9 
1 3.3 
3 32.1 
23 
21 
8 
33 
10 
4 
0 
6 
i43.5 
19.0 
0 
18.2 
35 
31 
91 
57 
0 
1 
2 
1 
0 
13.2 
2.2 
1.8 
10 
1S 
2 
7 
17.2 
9.6 
2.0 
7.8 
3 
'3 
2 
3 
2 
1 
3 
2 
3 
1 
1 
2 
1978 Randall, TX 
1979 Deaf Smith, TX 
5 
2 
3 
1 
43.5 
27.7 
23 
20 
3 
2 
13.0 
10.0 
30 
78 
9 
1 
30.0 
1.3 
12 
3 
22.6 
3.1 
6 2 
2 
-1 3 
1 
1980 Oldham, TX 
1987 West Polk, 
6 l 
4 
4 30.0 
3 60.1 
31 
38 
4 
IN0 
12.9 
0 
22 
22 
1 
0 
45 
0 
5 
0 
9.4 
0 
1 1 3 
Total 326 64 19.6 652 30 4.6 94 9.6 16 4 36 2t 17 16 3 10 
aMixed wheat. 
bClerical error: 
1. Wrong acq~uistion requested for classification. Analyst simply wrote the wrong number inadvertently.
2. Pixel misidentified by mistake. Same signature on other pixels was consistently identified as nonwheat. 9 
"raw" and a "bias-corrected" estimate of the proportion of small grains -ineach
 
segment. The segments were of two types; namely, those having acquisitions in
 
all four biophases and those having only early season acquisitions. The seg­
ments were chosen at random from the bl-ind sites for which detailed ground
 
truth was available,
 
.The objectives of the experiment were: (1)to evaluate the performance of
 
procedure 1 in terms of absolute proportion estimation error and its repeati­
bility over Al's, (2)to make comparisons between "bias-corrected" and "raw"
 
procedure 1 estimates, and (3)to determine if the performance was better when
 
acquisitions from all biostages were used than when only the early season
 
acquisition was used.
 
The~third objective could not be achieved properly because of the small number
 
of segments used (four of each type). It was later estimated that to make
 
effective comparisons of this type in a fully nested design, one would need
 
about 10 times as many segments. The efficiency of the test could be improved
 
if the same segments were analyzed first using only early-season acquisitions
 
and then using all acquisitions; however, there would be potential biasing
 
problems in such replication if the same Al analyzed the segment under both
 
the early-season and full-season conditions. If different Al's performed the
 
analysis, the resulting large variability would destroy the power of the test
 
just as the large segment variability destroyed it in the experiment reported
 
here.
 
Table 6-3 shows the absolute proportion estimation error IX- X1 where X is
 
the ground truth small grains proportion and X is the analyst's estimate of X
 
for the various treatment combinations. Averages are blocked off from the
 
basic data; for example, the average absolute error for Al "B"on early-season
 
segments was 11.6 for the raw estimate and 11.8 for the bias-corrected esti­
mate. The average absolute error on all segments was 7.9 for raw estimates
 
and 11.1 for bias-corrected estimates. The average absolute error for all
 
three AI's was 12.8 for raw early-season estimates, 6.3 for raw full-season
 
estimates, and 9.5 for all eight segments with the raw estimate. The grand
 
mean was 10.0.
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TABLE 6-3.- IMAGE 100 PROCEDURE 1 DATA
 
Ik- Xj-(§all grains)] 
Raw Bias correction 
Acquisition Analyst Analyst Overall 
history average 
A B C Average A7 B C Average 
16.5 10.8. 2.0 18.9 8.7 16.8 
Early 11.4 18.5 21.3 5.6 18.3 19.7 
season 9.7 14.6 30.3 8."O 11.9 19.5 
only 8.4 2.5 7.0 1.6. 8.? 1.5 
Average 11.5 11.6 15.2 12.8' 8.5 11.8 14.4 11.6 12.2 
0.8 1.4 0.9 1.4 1.4 2.0 
Full- 5.2 10.6 31.7 9.7 _ _ 32.9 32.6 
season 1.3 0.3 15.1 7.2 5.0 14.0 
1.7 47 2.4 2.7 2.5 _2.5 
Average 2.2 4.3 12.5 6.3 5.3 10.5 12.8 9.5 .7.9 
Overall 
average6 
6.9 7.9 13.8 9.5 6.9. 11.1 13.6 10.5 10.0 
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The 	most obvious features of table 6-3 are the large variability between Al's
 
and 	between segments. If this variation is taken to be typical, then future
 
experiments should be-designed so that segments and Al's are "crossed" with
 
treatments as much as possible.
 
Analysis of variance was used. to test for the effects of Al's, time (i.e.,
 
early-season versus all acquisitions), method (raw versus bias correction),
 
and 	their interactions. The results are shown in table 6-4. They lead to
 
the 	following conclusions:
 
a. 	The large disparity between data from various AI's was not consistent
 
over segments; i.e., an AI would do better on one segment than on another
 
one.
 
b. 	There was no significant difference between methods; i.e. the use of bias
 
correction just traded one random error for another one of comparable
 
magnitude.
 
c. Any test involving "times"'was not significant. As stated earlier, these
 
tests had extremely low power because of insufficient numbers of segments.
 
6.3 	 INVESTIGATIONS CF THE WINTER WHEAT AREA OVERESTIMATION PROBLEM IN
 
SOUTH DAKOTA
 
The 	LACIE winter wheat area estimate for July was below the USDA/SRS estimate
 
at the USSGP level and above the USDA/SRS estimates for the mixed wheat states
 
and the USGP. This was primarily because of the large overestimate in South
 
Dakota as shown in tabl.e 6-5. A relative difference of 85.3 percent was
 
reported in South Dakota, indicating a large overestimate. Infact, the
 
LACIE area estimate for South Dakota was approximately seven times greater
 
than the corresponding USDA/SRS estimate. An investigation of this problem
 
was 	conducted by various elements of LACIE.
 
Several factors contributed to the overeitimation of winter wheat area in
 
South Dakota. One factor was the CAM overestimation of winter wheat area in
 
marginal wheat areas. A second factor was the sensitivity of the aggregation
 
model to overestimation in such areas. Also, it is possible that part of the
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TABLE 6-4.- ANALYSIS OF VARIANCE
 
Source Degree offreedom SSa 
T (TIME) 1 215.48 
M (METH) 1 11.50 
TM (TM) 1 56.55 
A (AI) 2 379.05 
AT 2 34.51 
AM 2 29.91 
TAM 2 16.50 
S/T 6 1840.09 
MS/T 6 168.94 
AS/T 12 899.63 
MAS/T 12 259.65 
aSS - Sum of Squares. 
bMS - Mean square.
 
CF - F-value.
 
LEGEND:
 
1 - Assume a2AT = 0 
2 - Assume a2AM = 0 
'3 Assume c2TAM = 0 
*P < .025
 
X - Conservative test (inflated denominator)
 
MSb Fc 
215.48 
11.51 
56.55 
0.701 
0.412 
2.013 
189.52 
17.25 
14.71 
8.25 
306.68 
28.16 
74.97 
21.64 
-
2.53 
0.23 
0.68 
0.38 
4.09* 
1.30 
3.46x* 
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c 
TABLE 6-5.- COMPARISON OF SOUTH DAKOTA AND MONTANA WINTER WHEAT ESTIMATES
 
USING REDESIGNATED SEGMENTS WITH USDA/SRS AND LACIE ESTIMATES
 
RDb
No. segments Area 3 S.E.a3 CV 

(acq/alloc) (ac 10) (ac 10) ( %)
 
SOUTH DAKOTA
 
USDA/SRS 680
 
LACIE 39/56 4629 583 12.6 85.3 3991.8
 
Redes. LACiE 20/26 1323. 713 53.9 48.6 960.1
 
MONTANA
 
USDA/SRS 2800
 
LACIE 58/80 3097 380 12.3 9.6 482.3
 
Redes. LACIE 46/58 2902 386 13.3 3.5 399.2
 
aS.E. = Standard error.
 
bRD = Relative difference.
 
CMSE = Variance + (bias) 2 ,where bias is estimated by (LACIE - SRS).
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overestimation might have been due to the use of CRD-level ratios of winter
 
wheat to winter small grains to determine the winter wheat proportion. To
 
check this, aggregation using the 1975 USDA/SRS county-level ratios was per­
formed and a large overestimation still resulted. Use of the CRD ratios
 
resulted in an acreage estimate about seven times larger than the USDA/SRS
 
estimate, compared to an estimate six times larger using the county ratios.
 
This seemed to indicate that overestimation of winter small grains proportions
 
by CAMS was the greater problem.
 
The aggregation logic in the CAS system isespecially sensitive to proportion
 
estimation errors inmarginal areas. As an example, consider the collection
 
of Group II counties in CRD 90 in South Dakota. The epoch year winter wheat
 
area data and number of segments allocated to each of these counties were as
 
follows:
 
19/4 Lensus
 
No. segments winter wheat area
 
County acquired/allocated (acre x 103)
 
C1 1/1 21
 
C2 0/0 371
 
C3 0/1 443
 
C4 1/1 79
 
C5 0/0 0
 
C6 1/1 271
 
C7 0/0 939
 
C8 1/1 375
 
TOTAL 4/5 2 499
 
With the four acquired segments, the LACIE estimate of winter wheat area for
 
this Group IIcollection is given by:
 
1 [2499 ^ + 2499 e + 2499 ' + 2499 C814 L 21 1 79 C4 271 C6 5 8 
= 29.75 Cl + 7.91 C4 + 2.31 C6 = 1.67 C8 
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where Ci is the estimate of winter wheat area in the ith county (i=l,...,8)
 
as determined from tne winter wheat proportion estimate of the segment in the
A A 
ith county. Note that even a small overestimation of the Ci, particularly Cl
 
and C4, could lead to a gross overestimate for the collection. In the July
 
CMR, the estimate for the segment in county Cl was 38 times large9 than the 
historical county winter wheat proportion with obvious results - extreme 
overestimation for the collection.
 
Observing the 1974 area, or production, of winter wheat for these counties,
 
it is obvious that none of them should have received a segment to estimate
 
winter wheat area. They did so because a new allocation was performed for
 
Phase III based on total small grains. This resulted in the allocation of
 
sample segments to areas containing small grains but little or no winter
 
wheat in South Dakota. Also, the new allocation required both a winter wheat
 
and a spring wheat estimate for segments in areas designated as mixed; i.e.,
 
containing both winter wheat and spring wheat. Several counties in South
 
Dakota, a mixed region, contained a significant portion of spring wheat but
 
not winter wheat. This resulted in CAMS having to make winter wheat estimates
 
where there was likely to be no winter wheat.
 
To avoid the overestimation of area in sparse wheat (winter or spring) regions
 
a redesignation of the segments as winter (W), spring (S), or mixed (M)was
 
made for the remainder of Phase III. This ha4 no great impact on the CAS
 
aggregation procedures.. No spring wheat estimates had been made for those
 
segments designated as pure winter segments and vice versa. The estimates
 
for these counties were made using the Group III estimator, or the Group II
 
estimator if the county was a Group II collection containing a county for
 
which an estimate was made. Of course; both spring wheat and winter wheat
 
estimates were made for those segments designated as mixed.
 
Currently, action is being taken to redesignate Group III counties in the
 
USGP using the epoch year wheat production rather than the small grains'pro­
duction used in the Phase III allocation. This will indicate counties that
 
received segments but should not have and counties that did not receive seg­
ments but should have.
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Aggregations have been performed using the above-mentioned designations, based
 
on segment data from the July 11 CMR, to obtain state winter wheat area esti­
mates for South Dakota and Montana. When bias is a problem, as is the case
 
here, the preferred statistic for comparison of two estimators is the mean
 
squared error (MSE) or its square root, where the MSE is given by the vari­
ance of the estimator plus the square of the bias of the estimator. Assuming
 
the USDA/SRS estimate to be the true-value, the bias is estimated by the dif­
ference between the LACIE and the USDA/SRS estimates. The results are pre­
sented in table 6-5. It is apparent that the redesignation of segments
 
improved the LACIE estimate considerably, particularly in South Dakota where
 
there is very little winter wheat, according to USDA/SRS data. Although an
 
increase in the standard error is noted using redesignations, the large reduc­
tion in bias resulted in a 76-percent decrease in the square root of the mean
 
squared error for South Dakota. In Montana, there are many more acres of
 
winter wheat than in South Dakota and the use of redesignated segments re­
sulted in only a slight improvement, a 17-percent reduction in the square
 
root of the mean squured error.
 
6.4 COMPARISON OF RATIOED AND DIRECT WHEAT AGGREGATIONS
 
For the CMR's of August, September, and October, two types of proportion esti­
mates were made by CAMS for the segments in North Dakota. First-, as usual,
 
CAMS estimated the spring small grains percentage for each segment. These
 
estimates were passed to CAS and ratioed down to spring wheat proportions.
 
-before aggregation. In addition, CAMS estimated spring wheat proportions.
 
directly for these same segments. These estimates were also aggregated by
 
CAS.
 
The results of the two aggregations are shown in table 6-6 along with the cor­
responding USDA/SRS estimates. The CV's for the direct wheat estimates are
 
slightly smaller than those for the ratioed wheat estimates in all three months.
 
However, the relative differences for August and September are larger (in
 
absolute value) for the ratioed wheat estimates. InOctober the relative dif­
.ference for the direct wheat estimate was larger. In August both estimates
 
were significantly different from the USDA/SRS estimate. In September the
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TABLE 6-6.- COMPARISON OF RATIOED AND DIRECT SPRING WHEAT (AGGREGATION) AREA ESTIMATES FOR NORTH DAKOTA
 
LACIE
 
MonthMont 
estimate 
USDA/SRSarea 'st 
estimate. 
"'i 
Estimate 
(ac x 10 ) CV(%) RD(%) 
Value 
of testitc 
statistic 
(ac x 103. Ratioed Direct Ratioed Direct Ratioed Direct Ratioed Direct 
wheat wheat wheat wheat wheat wheat wheat wheat 
August 9530 6761 7525 8.6 9.6 -41.0 -26.6 -4.8* -2.8* 
September 9530 8678 9828 4.6 5.2 -9.8 3.0 -2.1* 0.6N 
October 9530 9173 10604 4.4 4.8 -3.9 10.1 -0.9N 2.1* 
D issignificantly different from zero at the 10-percent level.
 
N D is not significantly different from zero at the 10-percent level.
 
direct wheat estimate was not significantly different from the USDA/SRS esti­
mate and in Ottober the ratioed wheat estimate was not significantly different
 
from the USDA/SRS estimate.
 
A blind site study was performed using the ratioed and direct estimates for
 
North Dakota from the October 11 CMR. Figure 6-1 shows plots of the propor­
tion error X - X, where X is the LACIE proportion estimate and X is the ground.
 
truth proportion obtained using the dot-count ground-truth proportions.
 
Table 6-7 shows that the results of the statistical calculations for the same
 
data were closer to the dot-count ground-truth proportion estimates than
 
were the ratioed estimates. Like the aggregation study, the blind site study
 
indicated a higher degree of variability in the direct wheat estimates, as
 
evidenced'by the plots shown in figure 6-1.
 
In both studies, the October results reveal underestimation in the ratioed
 
wheat estimate and overestimation in the direct wheat estimate.
 
6.5 EFFECT OF THE OBJECTIVE THRESHOLDING PROCEDURE
 
Investigations of the early-season estimates in Phase II disclosed the pres­
ence of an early-season bias or underestimate of harvestable wheat area. This
 
was caused by wheatfields with insufficient canopy development, which were
 
not detectable by Landsat. LACIE began Landsat data processing when the nor­
mal crop calendar reached biostage 2.0 (emergence) on the Robertson growth
 
scale. As the season progressed, ground cover within the fields increased,
 
and the LACIE area estimates converged toward the area harvested. Because of
 
cloud cover and data drop, some segments were not acquired after complete
 
emergence. However, wheat area estimates based on the early acquisitions for
 
these segments were utilized to make area estimates throughout the season in
 
the conventional aggregations. This contributed to the tendency to under­
estimate wheat area at harvest.
 
In Phase III, an objective thresholding procedure was developed to eliminate
 
segments with incomplete emergence from consideration in the overall area
 
6-14
 
October ratioed spring wheat estimates 
50
 
NORTH DAKOTA (OCT11 CMR)
 
25
 
xI "
 
-25
 
-50 I - I 
0 20 40 60 80
 
x (%) 
October direct spring wheat estimates 
50
 
NORTH DAKOTA (OCT11 CMR)
 
25
 
,i
 
<'C 
-25
 
-50 ------ j -- --- - L0 20 40 60 so 
x (%) 
Figure 6-I.- Plots of proportion estimation errors versus dot-count ground­
truth proportion estimates for the blind sites in North Dakota.
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TABLE 6-7.- COMPARISON OF RATIOED AND DIRECT SPRING WHEAT BLIND SITE
 
PROPORTION ESTIMATES (EXPRESSED IN PERCENTAGES) FOR NORTH DAKOTA
 
Estiaten/M S 90% confidence
 
Estimate nM Dinterval'for D
 
Ratioed 20/103 21.0 25.1 -4.1 1.5 (-6.7,-1.5)*
 
201103 25.6 25.1 0.5 1.8 (-2.6,3.6)N
Direct 

*1, is significancly different from zero at the 10-percent level.
 
N is not significantly different from zero at the 10-percent level.
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estimates.. The thresholding procedure can be applied only at mid-season after
 
several opportunities to acquire and estimate wheat percentages have occurred.
 
This procedure was tested in Phase III and was demonstrated to decrease the
 
magnitude of the underestimate throughout the season. Therefore, in addition
 
to the conventional (nonthresholded) LACIE estimates, CAS also provided the
 
thresholded estimates in the June and July CMR's.
 
The Application Evaluation System of LACIE established Robertson biostage 2.55,
 
as determined from the ACC for crop year 1977, as the wheat detection thres­
hold of the LACIE system for all winter wheat states except Texas, which uti­
lizes biostage 2.6. These thresholds were applied to the Landsat data, and
 
no segments acquired before the detection threshold were included in the
 
thresholded aggregation.
 
In table 6-8, the LACIE thresholded and conventional estimates of winter wheat
 
area for the seven states and for the regional levels are compared with the
 
USDA/SRS estimates. In June, area estimates from all regions and states
 
except Nebraska increased after the thresholding procedure was utilized.
 
Nebraska showed a slight decrease in the area estimate. These changes in the
 
estimates took them closer to agreement with the USDA/SRS estimates in four
 
of the seven USGP winter wheat states but increased the relative difference
 
at the USGP-7.level. This increase was caused by a sampling problem in the
 
mixed wheat states. The CV's were increased only slightly by the thresholding
 
except in'South Dakota (where the greatest increase in the estimate occurred)
 
and at the USGP-7 level. The CV for South Dakota jumped from 34 to 60 per­
cent and that for the USGP-7 region went from 5 to 18 percent. This increase
 
resulted from the decrease in the number of segments used for aggregation.
 
As shown in the July CMR, area estimates for the five USSGP winter wheat pro­
ducing states changed only slightly after thresholding; The CW's for these
 
estimates remained constant. The small observed differences between the
 
thresholded and conventional estimates resulted from a large number of seg­
ment acquisitions after emergence and, therefore, minimal thresholding.
 
Recorded changes were in the form of mixed increases and decreases among the
 
seven states.
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TABLE 6-8.- COMPARISON OF THRESHOLDED WITH CONVENTIONAL AREA ESTIMATES
 
Region 
USDA/SRS 
Est 
i(acxl0 ) 
Thresholded LACIE 
I 
Es t n/N RD 
(acl ) _%) 
~RD 
CV 
() 
Nonthresholded LACIE 
Est n/ 
Cacxl05) 
CV 
CV 
June 7, 1977 CMR 
Colorado 2360 '3500 12/32 32.6 15.7 3065 28/32 23.0 15.8 
Kansas 12000 11743 82/121 -2.2 5.5 10915 112/121 -9.9 5.8 
Nebraska 3050 3603 22/67 15.3 13.3 3610 50/67 15.5 12.1 
Oklahoma 6500 5307 40/46 -22.5 8.0 4875 45/46 -33.3 9.0 
Texas 4400 4910 26/38 10.4 13.1 4529 34/38 2.8 11.9 
bUSSGP 28310 29063 182/304 2.6 4.3 26994 269/304 -4.9 4.2 
Montana 2800 4188 - 3/80 33.1 28.8 3253 41/80 13.9 19.2 
S. Dakota 680 13759 5/56 95.1 10.8 2601 28/56 73.9 34.0 
C W States 3480 17947 8/136 80.6 10.7 5854 69/136 40.6 18.5 
dUSGP_7 31790 47010 190/440 32.4 4.9 32848 338/440 3.2 4.8 
July 11, 1977 CMR 
Colorado 2360 2781 25/32 15.1 15.5 2962 30/32 20.3 13.2 
Kansas 12300 12524 98/121 1,8 4.8 11764 111/121- -446 5.0 
Nebraska 3050 3746 34/67 18.6 11.6 3475 52/67 12.2 12.4 
Oklahoma 6500 5628 37/46 -15.5 7.5 5264 42/46 -23.5 8.5 
Texas 4600 4625 29/38 0.5 12.8 4511 34/38 - -2.0 11.6 
bUSSGP 28810 29304 223/304 1.7 3.8 27976 269/304 -3.0 3.9 
Montana 2800 2629 44/80 -6.5 11.9 3097 58/80 9.6 12.3 
S. Dakota 680 5671 32/56 88.0 13.8 4629 39/56 85.3 12.6 
CMW States 3480 8300 76/136. 58.1 10.1 7726 97/136 55.0 9.0 
dUSGP-7 32296 37604 299/440 14.1 3.7 35701 366/440 9.6 3.6 
n = number of segments used. 
M = number of segments allocated, 
aRelative difference (LACIE - USDA/SS x'l00 %. 
LACIE 
CThe mixed wheat states, Montana 
and S. Dakota. 
dseven-state winter wheat region of 
U.S. Great Plains. 
bu.s. southern Great Plains region. ecoefficient of variation. 
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In June and July, the winter wheat areas were largely overestimated by both
 
procedures. The overestimation was caused by an inappropriate sampling
 
strategy-for the mixed wheat.areas. The detailed results of the investiga­
tion of this problem are presented in section 6.3.
 
Table 6.9p resents the LACIE thresholded and congentional estimates of winter
 
wheat yield for the USGP-7 states and for the regional level's in comparison
 
with the USDA/SRS estimates. The thresholding procedure should have no effect
 
upon the LACIE yield estimates,at the pseudo zone level. The difference be­
tween conventional and thresholded yield estimates for the state or higher
 
levels is due to the different weighting factors for the thresholded and con­
*'entional area estimates applied at the pseudo zone level' The results
 
presented in table 6-9 indicate that the thresholding procedure had very
 
little--effect upon the LACIE yield estimates at the state and regional levels.
 
In table 6-10 the LACIE thresholded and nonthresholded estimates of winter-,
 
wheat production for the USGP-7 and the regional levels are compared with the
 
USDA/SRS estimates. In.June, thresholding increased all of the production
 
estimates at both the state and regional levels. At the USSGP level, this
 
increase resulted in an improvement in the relative difference from -23.6 per­
cent to -15&0 percent. In Montana and South Dakota, thresholding reduced the
 
number of usable segments to 3 and 5, respectively. This is clearly not enough
 
segments to make a reiiable estimate, as evidenced by very large increases in
 
the estimates for these two states, particularly South Dakota, which increased
 
by more than a factor of 5 as a result of thresholding. The thresholded esti­
mate at the USGP-7 level was less accurate than the nonthresholded estimate
 
mainly due to the increase it South Dakota.
 
In July, estimates increased as a result of thresholding in the three regions
 
and in all states except Colorado and Montana. The number of segments thres­
holded at the USGP level decreased from 148 in June to 67 in July largely as
 
a result of a number of later acquisitions becoming available in Montana and
 
South Dakota. Thesholding decreased the relative difference at the USSGP
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TABLE 6-9.- COMPARISON OF THRESHOLDED WITH CONVENTIONAL YIELD ESTIMATES
 
USDA/SRS Thresholded LACIE Nonthresholded LACIE
 
RDa 
 CVe
 Cve Est
Est RDa
Region Est 
(bu/ac) (bu/ac) (%) (bu/ac) 1%) ti) 
June 7, 1977 CMR
 
Colorado 24.0 23.,6 -1.7 16.9 23.6 -1.7 16.9
 
Kansas 33.0 28.3 -16.6 10.6 28.3 -16.6 10.6
 
Nebraska 35.0 30.6 -14.4 9.8' 30.1 -16.3 6.6
 
Oklahoma" 26.G 19.8 -31.3. 5.1 19.8 -31.3 5.1
 
Texas 25..0 20.2 -23.8 5.0 20.3 -23.2 4.9
 
bUSSGP 29.6 25.1 -17.9 4.0 25.1 -17.9 4.0
 
Montana . 27.0 28.1 3.9 14.2 28.1 3.9 14.2 
S. Dakota 20.0 26.0 23.1 19.2 26.0 23.1 19.2
 
CMV States 25.6 26.5 3. 11.3 27.2 5.9 11.0
 
USGP-7 29.2 25.6 -14.1 7.8 25.5 -14.5 3.9
 
July 11, 1977 CMR
 
Colorado 23.0 22.5 -2.2 14.8 22.5 -2.2 14.8
 
Kansas 31.0 28.8 -7.6 9.7 28.8 -7.6 9.7
 
Nebraska 35.0 32.1 -9.0 9.7 32.2 -8.7 9.3
 
Oklahoma 2.6.0 19.9 -30.7 10.9 19.9 -30.7 10.7
 
Texas 25.0 20.3 -23.2 10.5 20.3 -23.2 10.1
 
bUSSGP 28.7 25.6 -12.1 * 25.5 -12.5 5.5' 
Montana 27.0 26.5 -1.9 12.1 26.5 -1.9 12.1
 
S. Dakota 24.0 26.6 9.8 18.9 26.6 9.8 16.9
 
CMW 	States 26.4 26.6 0.8 * 26.6 0.8 * 
dl 
dUSGP-7 28.4 25.8 -10.1 5.5 25.8 -10.1 5.3
 
SLACIE - USDA/SRS % dseveri-state winter wheat region of 
suter reat LACUE X 0U.S. Great Plains. 
bU.S. southern Great Plains region. eCoefficient of variation.
 
CThe mixed wheat states, Montana and S. Dakota. *Data not available.
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TABLE 6-1O,- COMPARISON OF THRESHOLDED WITH CONVENTIONAL PRODUCTION ESTIMATES
 
USDA/SRS Thresholded LACIE Nonthresholded tACI! 
Region Est- Est3 /M RDa cve a 
1) e (bu x10 ) (bux-1lO 	 (t)(b 
)
 
June 7, 1977 CNR
 
Colorado 56640 82752 12/32 31.6 21.8 72456 23/32 21.8 21.9
 
Kansas 396000 331765 82/121 -19.4 11,6 308387 112/121 -28.4 11.5
 
Nebraska .106750 110081 22/67 3.0 1'8.7 108793 50/67 1.9 16.2
 
Oklahoma 169600 104958 40/46 :61.0 13.1 96550 4S/46 -75.0 14.0
 
Texas 110000 99394 26/38 -10.-7 15.9 91965 34/38 -19.6 14.2 
bUSSG P 838390 728950 182/304 -15.0 7.1 678151 269/304 -23.6 6.9 
Montana 75600 117700' 3/80 35.8 28.1 91417 41/80 17.3 23.2 
S. Dakota 15600 358030 5/56 96.2 62.2 67685 28/56 79.9 38.3
 
cMW States 89200 475730 8/136 81.2 47.3 159102 69/136 43.9 21.1
 
dI
 
duSGP-7 .927590 1204680 190/440 
 23.0 19.2 837254 388/440 -10.8 7.0
 
July'il, 1977 CMR
 
Colorado 54280 62436 25/32 13.1 21.3 66516 30/32 18.4 19.7
 
Kansas 381300 361294 98/121 -5.5 10.8' 339348 111/121 -12.4 10.9
 
Nebraska 106750 120392 34/67 11.3 15.0 111903 52/67 4.6 15..7
 
Oklahoma 169000 112045 37/46 -50.8 13.1 104907 42/46 -61.1 13.6
 
Texas 115000 93817 29/38 -22.6 14;8 91691 34/38 -25.4 13.9
 
bUSSGP 826330 749984 223/304 -10.2 * 714365 269/304 -15.7 * 
Montana 75600 69581 44/80 -8.7 16.9 81983 58/80 7.8 17.2
 
S. Dakota 16320 150933 32/56 89.2 23.2 123196 39/56 86.8 22.6 
Cm States 91920 220514 76/136 58.3 * 205179 97/136 55.2 * 
dSGP-7 918250 970498 299/440 5.4 6.6 919544 366/440 0.1 6.4
 
n = Number of segments used. CThe mixed wheat states, Montana
 
M = Number of segnnts allocated, and S. Dakota.
 
aLAdE -	 dseven-state winter wheat region
Relative difference .A/Sf 100) 	 of U.S. Great Plains.
 
bU.S. southern dreat Plains region. 	 ecoefficlent of variation.
 
bData not available.
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level and increased it for the mixed wheat states and for the USGP. CV's
 
were only slightly changed by thresholding.
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7. ASSESSMENT OF LACIE ESTIMATES FOR U.S.S.R.
 
This section presents an evaluation of LACIE estimates of production, area,
 
and yield for the winter, spring, and total wheat crops in the U.S.S.R. The
 
reports included in this evaluation are the CMR's of August 5, September 7,
 
and October 5, 1977. LACIE estimates on the U.S.S.R. grain situation are com­
pared to those-provided by a USDA Interagency Task Force (herein referred to
 
as the "Task Force") composed of the Foreign Agricultural Service (FAS), the
 
Environmental Research Service (ERS), the Agricultural Stabilization and Con­
servation Service (ASCS), the Agricultural Marketing Service, and the Office
 
of the General Sales,Manager. Although LACIE estimates are provided for each
 
region of the U.S.S.R. no comparison can be made at this level since the Task
 
Force estimates are for the national level only.
 
The only Task Force estimate made available in Octoberwas that for total
 
wheat production._. Therefore, the October LACIE estimates are compared to the
 
September Task Force estimates.
 
The LACIE winter wheat area estimate characteristically increases during the
 
late season due to the confusion of hay and row crops with small grains.
 
This inability to differentiate between small grains and other crops is caused
 
primarily by the use of single acquisitions from specific time periods during
 
the growing season. To avoid this confusion the thresholding procedure
 
described in section 1.3 was utilized by CAS.
 
7.1 PRODUCTION ESTIMATES
 
The LACIE and Task Force estimates of production for winter, spring, and
 
total wheat are shown in table 7-1. The LACIE August estimates for spring
 
wheat do not contain the estimates for the regions of Tyumen and the North­
west since no usable acreage data existed for these regions. For September
 
and October there were no LACIE estimates for Tyumen and the Northwest but
 
the estimates given in the CMR's (and shown in table 7-1) include an estimate
 
based on historic data for these regions. The August estimates for spring
 
and total wheat are significantly different from the respective Task Force
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TABLE 7-1.- PRODUCTION
 
U.S.S.R. Value
 
a
Wheat Number of Task LACIE RD of
 
crop segments Force test
statistic
 type (n/M) estimate Estimate CV 
(MT - 106) (MT x 106) (M) 
August 5, 1977 
N

.09
Winter 658/1157 60.0 63.0 4.4 4.8 

Spring 491/1412 45.0 34.6 9.2 -30.1 -3.27*
 
Total 1149/2569 100.0 97.6 4.3 -7.6 -1.77*
 
September 7, 1977
 
4.3 6.1 1.4N
 Winter 713/1157 60.0 63.9 

N
 
Spring 782/1416 40.0 37.9 7.2 -5.5 -0.8

Total 1495/2573 100.0 101.8 3.8 1.8 0.5
N
 
October 5, 1977
 
60.8 4.6 1.3 0.3N
Winter 553/1149 60.0 

N

-0.6
Spring 899/1377 40.0 38.3 7.0 -4.4 

3.9 -0.9 -6.2N
 Total 1452/2526 100.0 99.1 

aRD = Relative difference = (LACIE- Task Force x 100 
bThe total wheat average yield is derived as the software in use does
 
not produce a yield for total wheat.
 
CData are not available.
 
NLACIE estimate is not significantly different from U.S.S.R. Task
 
Force estimate at the 10-percent level.
 
*LACIE estimate is significantly different from U.S.S.R. Task Force
 
estimate at the 10-percent level.
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counterparts. However, with inclusion of this historic estimate of production
 
in these two regions, the production estimates for spring and total wheat are
 
not significantly different from the corresponding Task Force estimates at the
 
10-percent level. There is no significant difference between the LACIE and
 
Task Force production estimates for winter, spring, or total wheat released
 
in the September and October CAS reports.
 
The relative difference for total wheat production estimates decreased in mag­
nitude in each successive month, from -7.6 percent in August to -0.9 percent
 
in October.
 
Since the difference between the latest LACIE and Task Force total wheat pro­
duction estimates is not statistically significant, it would be reasonable to
 
assume that the bias in the production estimate is very small. With a CV
 
of 3.9 percent and a negligible bias, the LACIE at-harvest production estimate
 
satisfies the 90/90 criterion.
 
7.2 AREA ESTIMATES
 
The August, September, and October LACIE and Task Force area estimates are
 
shown in table 7-2.' s in the case of production, the LACIE August estimate
 
for spring wheat does not include an estimate for the Tyumen and Northwest
 
regions but the September and October LACIE estimates do include an estimate
 
for these regions based on historical data. The LACIE winter and total wheat
 
estimates for all three months are significantly different (at the 10-percent
 
level) from the corresponding Task Force estimates. The difference for spring
 
wheat was significant in August but not in September or October. However, if
 
the historical area estimates of 0.7 million hectares (1.75 million acres)
 
for the Tyumen and Northwest regions were added to the August spring wheat
 
area estimates, the difference between the LACIE and Task Force area estimates
 
for spring and total wheat would not be significant at the 10-percent level.
 
The CV of the area estimate for each type of wheat in every month is small
 
indicating the high degree of dependability in the area estimate.
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TABLE 7-2.- AREA
 
U.S.S.R. 
 Value
 
Wheat Number of Task LACIE a of 
crop segments Force (%) test
 
type (n/M) estimate Estimate stastic
 
(ha x lO6 ) (ha x 106 )(M)
 
August 5, 1977
 
Winter 658/1157 22.0 24.3 2.7 9.5 3.5*
 
Spring 491/1412 42.0 38.9 4.3 -8.0 -1.9*
 
2.8 -1.3 -0.5N
 Total 1149/2569 64.0 63.2 

September 7, 1977
 
Winter 713/1157 20.8 24.6 2.7 15.4 5.7*
 
0.2N
41.0 2.9 -0.5
Spring 782/1416 41.2 

Total 1495/2573 62.0 65.6 2.1 5.5 2.6*
 
October 5, 1977
 
Winter 553/1149 20.8 22.6 3.3 8.0 2.4*
 
2.6 3.3 1.3N
 Spring 899/1377 41.2 42.6 
Total 1452/2526 62.0 65.2 2.0 5.1 2.6* 
a r e difference =(LACIEC- .100)z.Task Force 
a relative LACIE 
bThe total wheat average yield is derived as the software in use does
 
not produce a yield for total wheat.
 
CData are not available.
 
NLACIE estimate isnot significantly different from U.S.S.R. Task
 
Force estimate at the 10-percent level.
 
*LACIE estimate issignificantly different from U.S.S.R. Task Force
 
estimate at the 10-percent level.
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Moreover, a CV of less than 3 percent for the spring wheat area estimate with
 
an insignificant difference between the LACIE and Task Force estimates indi­
cates that the LACIE spring wh6at area estimate supports the 90/90 criterion.
 
7.3 YIELD ESTIMATES
 
The LACIE and Task Force estimates of yield for the U.S.S.R. are shown in
 
table 7-3. The LACIE winter wheat estimate was not significantly different
 
(at the lO-percent level) from the corresponding Task Force estimate in the
 
August CMR, but the difference was significant in the September and October
 
CMR's. The LACIE yield estimate for winter wheat was low in every month.
 
This was due partly to the effect of area overestimates in the low-yield
 
regions, giving more weight to these regions and thus biasing the (weighted)
 
average yield.
 
The LACIE and Task Force spring wheat yield estimates were significantly dif­
ferent in August but not in September or October. The'LACIE spring wheat
 
yield estimate of 8.9 quintals/hectares in August is the second lowest yield
 
of the decade; however, this yield estimate is based largely on early-season.
 
meteorological data obtained prior to June.- These data indicate soil moisture
 
shortages in major parts of the spring wheat region which have since been
 
alleviated to some extent.
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TABLE 7-3.- YIELD
 
U.S.S.R. 	 Value
 
-Wheat 	 Task LACIE RDa of
 
crop Force
 MCV stest
 type estimate Estimate 

(ql/ha) (%)statistic
(ql/ha) 

August 5, 1977
 
25.9 3.4 -4.2 -1.2
N
 
Winter 27.0 

Spring 11.0 8.9 8.7 -23.6 -2.7*
 
Total 16.0 15.4b c -3.9 c
 
September 7, 1977
 
Winter 28.8 26.0 3.6 -10.8 -3.0*
 
N

-0.6
Spring 9.7 9.3 7.1 -4.3 

Total 16.1 15.5b c -3.9 c
 
October 5, 1977
 
Winter 28.8 26.8 3.6 	 -7.5 -2.1"
 
-7.8 -1.lN
 Spring 9.7 9.0 6.9 
Total 16.1 15.2b c -5.9 c 
aRD = relative difference = (LACIE Task Fbrce 100. 
bThe total wheat average yield is derived as the software in use
 
does not produce a yield for total wheat.
 
CData are not available.
 
NLACIE estimate is not significantly different from U.S.S.R. Task
 
Force estimate at the 10-percent level.
 
*LACIE estimate is significantly different from U.S.S.R. Task
 
Force estimate at the 10-percent level.
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PHASE III ACCURACY ASSESSMENT METHODOLOGY
 
A.l INTRODUCTION
 
This appendix contains mathematical details of the techniques use(
 
in accuracy assessment. The methods used in comparing the LACIE
 
estimates'for acreage, yield, and production with the reference
 
standard are presented in section A.2. The techniques used to
 
study errors in the LACIE estimates are discussed in section A.3.
 
A.2 COMPARISON OF LACIE ESTIMATES WITH REFERENCE STANDARDS
 
The reference standardi to which the LACIE estimates are compared
 
are the USDA/SRS estimates for.the United States and the USDA/FAS
 
estimates for foreign countries. The statistic used for making
 
these comparisons is the relative difference (RD) defined as
 
follows:
 
= LACIE - STANDARD) 
R LACIE 100% 
where LACIE stands for the LACIE estimate of wheat production,
 
area, or yield and STANDARD represents the corresponding reference
 
standard estimate. This definition expresses the difference be­
tween the two estimates as a percentage of the LACIE estimate.
 
Significance tests of no difference are made only at the region
 
or country level for the LACIE production, area, and yield esti­
mates for spring wheat, winter wheat, and total wheat. For a sig­
nificance test, the LACIE estimate (of wheat production, area, or
 
yield) is assumed to be normally distributed with unknown mean p
 
2
and variance aLACIE* A test of the hypothesis
 
H : = STANDARD 
0 
,ersus the alternative hypothesis
 
H p $ STANDARD 
A-I 
is then made using this assumption. The test statistic is given
 
by
 
(A-i)
Z LACIE - STANDARD 

0 LACIE
 
which, under the null hypothesis, is approximately normally dis­
tributed with mean 0 and variance 1. The null hypothesis is
 
rejected in favor of the alternative at the a-level of significance
 
if
 
IZI > za/2
 
where z is the(i - critical point of the standard normal 
distribution. For a = 0.10, z /2 = 1.645, and if IZI > 1.645, it 
is concluded that the mean of the LACIE estimator is significantly 
different from the reference standard estimate. 
A.3 ERROR SOURCES IN LACIE
 
The techniques used to study errors in the estimates of acreage,
 
yield, and production are discussed-respectively in sections A.3.1,
 
A.3.2, and A.3.3 of this appendix.
 
A.3.1 ACREAGE
 
This section contains a description of the methods used to esti­
mate the following:
 
A. The errors in segment wheat proportion estimates (section
 
A.3.1.1)
 
b. Wheat acreage at the state and higher levels (section A.3.1.2)
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c. 	The variance of the wheat acreage estimates (section A.3.1.3)
 
d., 	 The bias in the acreage estimates for large areas having ground
 
truth available for a subset of their LACIE segments (section
 
A.3.1.4)
 
e. 	The relative variances of the sampling and classification
 
errors in stratum wheat acreage estimates (section A.3.1.5)
 
A.3.1.1 Error in Proportion Estimates at the Segment Level
 
This section describes the statistical calculations used to com­
pare CAMS wheat proportion estimates for blind sites with the
 
corresponding ground truth values. Let N be the number of seg­
ments allocated to a region (state or higher level) and let n be
 
the number of blind sites selected randomly from these N segments.
 
For a region, let Xi represent the CAMS estimate of the proportion
 
of wheat in the ith segment and let X. represent the ground truth 
proportion of wheat in the ith segment, where'i = 1, ... N. 
Then the average error pD is given by 
Di(x= i- xi) 	 (A-2) 
'The estimate of uD is given by
 
= Xi- Xi (A-3)
 
where the summation is taken over the n blind sites. Letting 
Di = X. - Xi, we may estimate the variance of D by 
n . 2 
D 	 n-I (A-4) 
Lower and upper confidence limits for the population average dif­
erence pD are given by 
PDL D t1-a/2S PDU +tl1-a/2S E (A-5) 
L DA­
A-3
 
where tl_-/2 is the value of the l-a/2 percentage point, from the
 
Student's t distribution with (n-l) degrees of freedom, correspond­
ing to the desired confidence level of 1-a.
 
The hypothesis pD = 0 (i.e., no bias) is rejected at the a-level
 
of significance if I/S > tla/2, or equivalently, if the con­
fidence interval given by equation (A-5) does not contain zero.
 
A.3.1.2 Acreage Estimation
 
This section gives a brief summary of the methods used to estimate
 
wheat acreage. These methods are described in detail in appen­
dix B of the CAS Requirements Document.*
 
A.3.1.2.1 Background of Sample Allocation
 
The- LACIE sample allocation in the U.S. Great Plains (USGP) region
 
is based upon a two-stage stratified sampling scheme in which
 
counties represent the primary sampling units (substrata) and
 
5- x 6-nautical-mile segments are secondary sampling units. The 
criterion for determining the total sample size was the ability
 
to achieve a sampling error-of 2 percent or less for the country
 
wheat acreage estimates.
 
Sample segments were allocated to the counties based on relative
 
weights derived from agriculture and wheat acreage reported in
 
1969 agriculture census statistics. Depending upon the relative
 
weights, counties were designated as Group I (at least one sample
 
segment in the county), Group II (at most one sample segment in a
 
county), or Group III (no sample segments in the county). All
 
Group II counties in a CRD (stratum) were combined to determine
 
the number of segments allocated to the Group II part of the CRD.
 
kCrop Assessment Subsystem (CAS) Requirements Vol IV (Rev. B)
 
(Change Notice, March 8, 1977), JSC-11329, LACIE C00200.
 
En this appendix any reference to the CAS Requirements Document
 
Lndicates this specific document.
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probability proportional to size (PPS) procedure was applied to
 
select the Group II counties in a CRD which were to receive these
 
segments
 
Once the number of segments to be allocated to each county was
 
determined, the sample segments were selected at random within the
 
agricultural area of the county. For further details of the LACIE
 
sampling scheme refer to the CAS Requirements Document (JSC-l1329)
 
A.3.1.2.2 Aggregation of Acreage Estimates
 
Wheat acreage estimates are made for each CRD, state, and region
 
(group of states) in the USGP. However, no estimate is made for
 
a state if it does not contain three or more segments satisfactor­
ily processed by CAMS. Segment data may be lost due to the fol­
lowing cases of nonresponse:
 
a. 	The sample segment being obscured by cloud cover
 
b. 	Landsat data quality being insufficient to permit processing
 
c. 	Landsat data acquisition failing to register with the refer­
ence Landsat image
 
d. 	Failure of acquisition/processing procedures to provide an
 
acceptable estimate
 
No replacement is allowed if a sample segment is not workable by
 
CAMS.
 
A CRD acreage estimate consists of three components:
 
1. 	An acreage estimate for the Group I counties in the CRD for
 
which segment data exist. (A Group I county is treated as a
 
Group III county if it does not have at least one segment with
 
an acceptable proportion estimate.)
 
2. 	An acreage estimate for the entire set of Group II counties
 
in the CRD if there is at least one segment with an acceptable
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proportion estimate in this set of counties. (Otherwise, the
 
Group II counties ari all treated as Group III counties.)
 
3. 	An acreage estimate for the Group III counties, including the
 
Group I and Group II counties being treated as Group III
 
counties.
 
The wheat acreage estimates for these three components are com­
puted using a stratified random sampling estimator for the Group I
 
counties, a PPS estimator for the Group II counties, and a ratio
 
estimator for the Group III counties.*
 
There are three categories of Group III acreage estimates, depend­
ing on the number of segments in a CRD for which data are available
 
Categories 1, 2, and 3 correspond respectively to three or more
 
segments, one or two segments, and no segments having data avail­
able. The ratio used for the Group III estimator is the ratio of
 
historical wheat acreages for Group III counties to Group I and
 
Group II counties. For category 1 estimates the ratio is based
 
on historical acreages in the CRD. For category 2 and category 3
 
estimates the ratio is based on acreages in the state containing
 
the CRD for which the estimate is being made.
 
The CR0 wheat acreage estimate is obtained from the sum of the
 
wheat acreage estimates for Group I, II, and III counties. Next,
 
aggregation of the CRD acreage estimates gives a state wheat acre­
age estimate, And summation of the state acreage estimates gives
 
the regional wheat acreage estimate. For specific aggregation
 
formulas, see appendix B in the Cas Requirements Document.
 
In a mixed wheat area, separate aggregations are performed for
 
spring and winter wheat and the total wheat acreage estimate is
 
obtained by summing the results. This is done at the CRD and
 
higher levels.
 
*For details on these standard estimation procedures, see Sampling
 
Tpnhniniiv= 1-n wf- roohran. Wflev_ 1q64­
A.3.1.3 Acreage Variance Estimation
 
The acreage variance estimation for a CRD requires an estimate of
 
within-county variance for each of the Group I and Group II count
 
ties in the CRD. Often there is only one sample segment in a
 
county and hence no direct estimate of the within-county variance
 
is possible. Therefore, an indirect method is employed. This
 
method uses a regression approach and is based on the assumption
 
that the historical county proportions are well correlated with
 
the CAMS proportions. The method consists of (1) forming homo­
geneous groups of counties in a state with respect to the within­
county variability, (2) performing regression for the CAMS seg­
ment wheat proportion estimate onto the county historical wheat
 
proportion, and (3) taking the residual mean square error (MSE)
 
for an estimate of the within-county variance for each county in
 
the group.
 
For estimation of a CRD acreage variance, the acreage variance
 
components for Group I and Group II counties are estimated inde­
pendently. For-Group I counties it is computed according to the
 
variance formula for a stratified random sampling scheme.1 The
 
appropriate inputs of county sizes, number of sample segments,
 
and within-county variance estimates are obtained using the above­
mentioned procedure. Similarly, the variance formula for a PPS
 
estimator is used to compute the Group II acreage variance
 
estimate.: It requires all of the inputs mentioned in the Group I
 
case plus the probabilities of selection of Group II counties for
 
sample allocation. These probabilities are those utilized in
 
determining which of the Group II counties in a CRD receive sam­
ple segments,
 
The acreage variance component for the Group III counties depends
 
directly on Groups I and II variances and contributes to the CRD
 
iCf = Sampling Techniques, by W. G. Cochran, Wiley, 1963.
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acreage variance indirectly through the ratio utilized to obtain
 
the Group III acreage estimate. The formulas used to calculate
 
the acreage variance for the Group III counties are described in
 
appendix B of the CAS Requirements Document. As mentioned above,
 
there are three categories of Group III acreage estimates and
 
each category has a different formula for the variance estimate.
 
For category 1 the variance estimate depends on the acreage esti­
mates for all the Group I and Group II counties in the CRD; for
 
categories 2 and 3 it depends on the acreage estimates for all od
 
the Group I and Group II counties in the state.
 
If data are available for at least three'segments in each CRD in
 
the state, the acreage variance estimate is computed by adding
 
the variance estimates for the CRD's in the state. Otherwise,
 
the state variance estimate is obtained using an aggregation pro­
cedure which accounts for the dependence between various CRD
 
acreage estimates in a state.
 
Since the -state.acreage estimates are obtained independently, thc
 
acreage variance estimates at both the regional and country level
 
are computed by adding the state acreage variance estimates.
 
In a mixed wheat area, separate aggregations are performed for
 
estimating the variance of the spring and winter wheat acreage
 
estimates at the CRD and higher levels. In each case the estima­
tion procedure is the same as that described above for each aggre
 
gation level. The acreage variance estimates at the CRD and
 
state levels for the total wheat case are obtained from the pre­
viously described variance formulas using total wheat acreage
 
estimates for sample segments and the historical total wheat for
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counties in the area. For higher levels the total wheat acreage
 
variance estimates are computed by taking the sum of the vari­
ance estimates for the states involved. The CRD and state level
 
variance estimates for the total wheat case are not unbiased;
 
therefore, the method of determininq v~riance of a total wheat
 
acreage estimate in a mixed wheat area is considered approximate.
 
A.3.1.4 Acreage Bias Estimation
 
The method for estimating bias described in this section is
 
valid for any area having a sufficient number of blind sites to,
 
represent the bias. In this report it is applied at the state
 
and higher levels.
 
The LACIE estimate of wheat acreage for a given area can be
 
written
 
A = WiX. (A-6)
i=l1
 
where A is the estimated wheat acreage, Xi is the wheat propor­
tion estimate in the ith LACIE segment, n is the number of
 
processed LACIE segments, and W are known weights based
 
on historical and cartographic data.*
 
Corresponding to A is the true acreage, A, which can be written
 
n 
A WC. (A-7) 
*The precise definition of Wi depends on whether the ith segment
 
is used as part of a Group III estimate.
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where Ci is the true wheat acreage for the county containing
 
the ith segment andWlis the value of the weight which would
 
give perfect Group III estimates of wheat acreage for unsampled
 
counties.
 
We can now write
 
X. = Ci + (Xi - ci) + ­
= Ci + i + Ei 
where Xi is the true wheat proportion of the ith segment, 6i is
 
the sampling error and ei is the classification error. Since
 
sampling is unbiased,-we assume E(d.) = 0; however, we do not
 
assume unbiased classification. Instead, let B be an average
 
segment bias; i.e.,
 
The bias in A is defined by E(A - A), which is thus given by
 
B = E(A - A) = K W - A W ) 
i ~i l i 1= 
W.EC +6 )- wtc. 
= 
n 
Wi( wjc.+ a n w. (A-8)i=l i=l1 
Note that the first term of equation (A-8) represents a bias
 
caused by the failure of the Group III ratios to be exact;
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(i.e., W. 3 Wt), whereas the second term is the average segment
 
bias multiplied by the sum of the W..
 
1 
At present, only the second term of equation (A-8) will be
 
estimated, since good county-level data are not available for
 
estimating the first term. The second term is estimated by
 
(1) breaking up the large area into strata (not necessarily
 
connected) for which the bias is assumed to be approximately
 
nk
 
constant; (2) estimating 0k by k i 'the average
 
proportion error on a segment level in the kth stratum; and
 
(3) aggregating 6 over *h1 q1-ata.
 
A 
If B represents the AA estimate of bias due to classification, a
 
90-percent confidence interval for B, the real bias, can be con­
structed by
 
(B - 1.64'5a, B + 1.645o)
 
where G2 is an estimate of the variance of 8.
 
If we assume Var (C.) 2 (a constant) within the kth stratum,
 
2 () ck then ack can be estimated by 
i - Xi

.2 = k 

ack nk ­i=l -2
 
= 2 Wkand Var(B) can be estimated by Vir(fi) j 
k cil 
where Wki is the weight for the ith segment in the kth stratum.
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A.3.1.5 	 Contribution of Sampling and Classification to Acreage
 
Estimation Error
 
This section describes the calculation of the contribution of
 
sampling 	and classification errors to the variance of the LACIE
 
production estimate.
 
A.3.1.5.1 Approach
 
The variance of the LACIE acreage estimate for a large area
 
(e.g., zone) can be written
 
v2 =XZv~o? 
where a2is1 the variance of the acreage estimate for the ith 
county and Vi is a weight which depends on the size of the 
county, the number of segments in the county, etc. (Refer to
 
CAS Requirements Document, appendix B for details.)
 
The variance a. 2 represents a mean-squared deviation between the
 
LACIE estimate for the county wheat proportion and the true
 
county wheat proportion. This variance is caused mainly by
 
two factors: sampling errors and classification errors.
 
In accuracy assessment, it is desirable to quantify the contribu­
tion of each of these error sources to the large area production
 
estimate. The LACIE production estimate depends on acreage and
 
yield estimation errors in a complicated way; hence, it is
 
unrealistic to assume the error in the production estimate can
 
be written as a sum of uncorrelated random variables representing
 
acreage-and yield errors. Instead, the effect of a particular
 
error source is measured by the reduction in the LACIE production
 
variance which would be achieved if that source were eliminated.
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1t will be assumed (section A.3.1.5.2) that the ith county
2 2 2 22wer 
acreage error variance ai can be written a. = a + X2a, whereI C st 
2
U2 is a contribution due to classification, and A2a is a con­s
c 

tribution due to sampling. To determine'the effect of no
 
classification error, the variance of the LACIE production
 
estimate will be calculated using pa instead of a2 where p is

s 
an estimate of the ratio 2 2 2 Similarly, theeffect of no
 
ac 
+ XaC
 
22 
sampling error is estimated by replacing a? by (1 - p)aY. This 
procedure is described in detail in section A.3.3.5 of this
 
appendix. The following two sections describe the methods
 
employed for estimating sampling and classification variances
 
and the function p.
 
A.3.1.5.2 Acreage Regression Models
 
For counties with one sample segment, the LACIE estimate of the
 
ith county wheat proportion can be written
 
= i + Xi - c ) + (X i - XJ
 
= Ci + ci + 6i (A-9)
 
where
 
X.1 = LACIE estimate of the wheat proportion in the sampled 
segment
 
Ci = true (current year) proportion of wheat in the county 
X. = true proportion of wheat in the sampled segment
 
= sampling error = Xi - C. 
6. = classification error = Y. - X. 
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It will be assumed that for some reasonably large area (e.g., a
 
zone) the errors e. and 6. have the following properties:

1 1
 
se and 6. are uncorreliated
 
E (cj 0 
E ( 	IXi) X*xi + e 
= C2V(Ci) 
V(ilXi) = o
 
It is also assumed that there is a linear model relating the
 
current year county proportions, Ci, to the historical propor­
tions which will be denoted by Zi; i.e.,
 
Ci = a + OZi + i 	 (A-10) 
where E( i) = 0, V(C i) = 02, Cov(Cis.) = Cov(Cid.) = 0, and 1 1 H ii 	 1 1
 
a and are regression coefficients.
 
From the above assumptions and definitions, three basic
 
regression models are obtained:
 
a. 	True segment proportion versus historical county propor­
tion - from the definition of ei'
 
X. = C. + E.1 1 1 
= a.+ 5Zi + Ci + Ci (A-11) 
It follows that
 
E(xi) = a+ zi 	 (A-12) 
E(X) = a2+ SZ2 (A-13) 
v~x 2(A-lHS 
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b. 	LACIE segment proportion versus ground truth segment pro­
portion - from the definition of 6.
 
X. = K. + 6 	 (A-14) 
It follows that
 
E(XilX) = x + A*Xi + B 	 (A-1S) 
v(xiIxi) = cY 	 (A-16) 
Writing X = 1 + X*, one obtains
 
E(xixi) = xxi + e 	 (A-17)
 
v(:ilxi) = a2 	 (A-18) 
c. 	LACIE segment proportion versus historical county pro­
portion - from equations (A-12) through (A-18),
 
E(Xi) = Exi (E(Eilxi))= xi (xxi + e) x( + Bzi) + e 
(A-19)
 
^X= EX (V(^~x -)) + VX (E~x ~ 2 xA2 (aY2 + (T2)
1 	 1
 
(A-20)
 
2a2
 
As stated previously, one would like to estimate p =2 s2
 
a +Xc
 
C S
 
None of the three regression models permits an estimate of
 
a2 separately from o2; i.e., one can only estimate a + a H2 not
s Hs 	 H 
2
 
*s alone. If current year county proportions Ci were available,
 2
 
* could be estimated, but since this is not the case,
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2 
2 2 2 
02
 p = 02 + 2 o-2  + 2 will be estimated instead of p. If 
c ( s Y 
2 (a reasonable assumption) then p* - p.
 
H S 
A.3.1.5.3 	Normality Assumptions - Maximum Likelihood Estimation 
of p* 
Suppose a given zone has m blind site segments and n ordinary
 
(i.e., not blind site) segments, and let the blind site segments
 
be numbered 1 to m. It is assumed that ground truth wheat pro­
portions are available for the blind sites and LACIE
 f^ )m+n

estimates Ixii=l are available for all the segments. It is
 
m n
I ili ~
also assumed that historical wheat proportions i l are 
2 2~
 
available for the counties containing the segments. If 
a << C
 
so that p t p* the regression models equations (A-i through­
A-20) can be used to obtain
 
iZ .E(Xi) = a + = 2 

Ei = x + v4X
@;i s)=E(Xilxi) =Ix+17 v(xilxi) o 	 i l, m
 
E Xi = e + Xa + X8Z.; V(Xi) = 2a2 + a im+l,m+n= 
If there is one segment per county, then the errors ei and 6i
 
are independent for different values of i, and hence the likeli­
hood function of the sample can-be written
 
m ^ 7ix) m+n hX),-.
LTT f (X.,Ix.) TThXi(A-21)
i=l 	 i=m+l 
where f(Xi,Xi) is the joint density of Xi and Xi for i =1,--,m
 
and(h Xi) is the density of Ri for i = m+l,.-.,m+n.
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- m^ m 
The function f f(Xi'Xi can be written H- f(Xi'Xi) = 
ipl =1
 
mft f(jX ) g(Xi) where f(X±IXi) is the conditional density
i=1
 
of X. given xi and g(Xi ) is the density function of Xi.
 
If normality is assumed, 
- m
f * mh 1 
f(XX. = fl "­
i=1
 
exp$~~ (X. - Xi-e2 exp- 21> (%-a-Zi)2
 
c i= (2 sa&-
i=1'
 
and
 
'm+n. 
-1m+n
 
s 2 ) 2i + ~ ci=m+l (i
hik (x2a2 + a2)12~.e 2(X202 + a2)*+ i
 
8 - Zi)2} 
Letting 0 = -2logL - log2w, 
22 22 D Tn
mtlog a + m logoa +n g( + X a + + +2
2 2 c + AY2a +?)2
c s c + s 
(A-22)
 
where
 
m 2
 
Dm= (Xi - Xxi - 8)
 
m 
Tm =Z x. -ct-_8Zi12 
m+n 
Tn = ( - X-8- z.) 2
 
i=m+ 2 
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One attempts to maximize L by finding a stationary point of Q:
 
m 
_X[ m+n
 i.- Xa 
2 Ci a - sZi) E x A i )-

+ m+l 22 0 (A-23) 
23a a2 a +Xas c s 
in m+n 8
 
Z - - Zi Z Zi(xi - A - 0 - i
 
1 3Q +1m+1
 
- 2 + 2 22 
sc s
 
(A-24)
 
m+n
 
mi -X - X- e - Xz 
Z Xk Xxi - ) E~ (^ te~1BQ 1 + M+1 2 0 (A-25) 
f3 W 2 + X a2 
e c s
 
2- Axo. ) I+fl
- 2A 2o 
Xi(X i - xi e) E Uzi + a) 2 -i X - 0 - XlZ) 1 1Q 1 1 i=m+l 
2 2 +e 2
 
C UC +Xos 
22 
(A-26)
 
Sn + X2 0 
2 2 + 2 + l2 4 2 2 2)2 = 0 (A-27)2
DQ 30 aM n +a Dm (X +)Ca U c Tn2 C 
3Q__+__ 2Tm Tn - )2 =0 (-8@2 Y2 X24J2 + 2 r4 a/2 + x 2 a2 -
Equations (A-23) through (A-29) must'be solved for the parameters
 
2
X, C12 an . - - - - -2D, 
, ,,II if ,Xfr ,1 and a. represent theand as 

solution to equations (A-23) and (A-29), then the invariance
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theorem for maxinum likelihood estimation can be used to
 
obtain
 
)(A-29) 
=2 2 (^A2-9 
as the maximum likelihood estimate of p.
 
The equations (A-23) through (A-29) are nonlinear but can be
 
solved using numerical techniques; Newton's Method was used to
 
solve the equations for this report; i.e., if u (k) is an estimate
 
of the solution vector u =c, ,,, c a ) at the kth step,
 
then
 
u (k+l) = (k) - F-f(U (k) (A-30) 
(k ) ) where f(u = (f,..,f 6 )T is the vector of the left sides of 
equations (A-23)through(A-29) evaluated at u (k) and F = (.)af .i

--1 
au.i
 
In practice, it was simpler to use the parameter transformations
 
a.2 
2 s + 2 (A-31) 
s c 
and s 2a2 + a2 (A-32) 
and solve for a, 0, 0, X, r, and s. Again, the invariance
 
theorem can be used to give
 
p=A1
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A.3.l.5.4 	Accuracy of 0
 
Since is an extremely complicated function of the data, it is
 
for finite sample
impossible to write down the variance of 

sizes m and p. However, the asymptotic variance of 0 can be
 
estimated using the information matrix; i.e., if
 
V(VE 13 2logL 
V= (Vij) = E{ 2ui u} 
and g(u) = is a differentiable function of the 
parameter vector u, then the variance of g(u) is asymptotic to 
t
1ig' (i) ]T V-g' (u) 
where g'(u) (I=U •k. ",ju 	 (A-33) 
X2o2
 
Thus, in our case, g(u) = s22 2
Xas +a° 
F 22[22 2 2-2_22 2 +2\2 
g' (u) = [0,0,0, 2AOs~c2X 3s + C.c) -' s~A 5 
02 ++ Xc2oa2 2	 (A-34) 
To estimate V, the observations {Xi, fYi} , and {Zi } and the
 
estimated parameters (aS,,1,c , and 32 were substituted into
 
a2 logL Then equation CA-33) was used 
the matrix H = (h.j} u. au. ­
to obtain an approximate variance for p.
 
A.3.1.5.5 	Coefficients of Variation of a Large Area Estimate Due
 
To Classification and Sampling Errors
 
Let p be the ratio of the within-county sampling variance esti­
mate to the total within-county area variance estimate as defined
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in (A-29). Assuming that this ratio also applies to a large area,
 
the variances of the large area estimate due to classification and
 
sampling are given by 
A2 - 2 
=, (1 - P) V 
and 
22 ^ 2
V =pVi
 
where T1 , v , and V denote the classification variance, the
 
sampling variance, and the acreage variance for the large area
 
estimate, respectively. Consequently, the estimated CV of a
 
large area estimate A due to classification is given by
 
CV(AIC) -
and the estimated CV of large area estimate due to sampling is
 
given by
 
CV(As) 
-
A
 
where CV(AIC) and CV(AIS) are often casually referred to'in
 
LACIE as the classification CV and sampling CV, respectively.
 
A.3.2 YIELD
 
This section contains a description of the methods used to pre­
dict yields' (section A.3.2.1) and to estimate yield prediction
 
error (section A.3.2.2). In Phase II no estimate of yield bias
 
was made.
 
A.3.2.1 Yield Prediction
 
Most of the yield predictions made in LACIE are provided by the
 
Center for Climatic and Environmental Assessment (CCEA) of NOAA..
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They are produced from multiple linear regression yield models*
 
developed on historical weather and yield data. Usually these
 
models cover a state but in some cases they cover part of a state
 
or part of two states and in some cases they overlap.
 
In a given state there is either one yield stratum or two. In
 
the first case the state yield prediction is that given by the
 
CCEA model. In the second case the state yield prediction-is 
given by: 
Y = P/A (A-35) 
where P is the production estimate (section A.3.3.1) and A is the
 
acreage estimate (section A.3.1.2) for the state. The yield pre­
diction at the region or country level is also obtained from
 
equation (A-35), with P and A in that case being the production
 
and acreage estimates at the corresponding level.
 
A.3.2.2 Estimation of the Yield Prediction Error
 
CCEA provides estimates of the mean squared yield prediction error
 
at the stratum level. In the CAS Requirements Document it is
 
shown that at the state, region, or country levels the estimate
 
of the mean squared yield prediction error for a given area
 
(state, region, or country) is
 
2= y2 + A2 2 P 1 (A-36) 
where
 
S2 
= estimated mean squared prediction error of the production
 
estimate P for the area
 
V2 
= estimated variance of the acreage estimate A for the area
 
*Wheat Yield Models for the United States (LACIE 00431), National
 
Aeronautics and Space Administration, Johnson Space Center,
 
Houston, Texas, June 1975.
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Yi = yield estimate for the ith pseudo zone in the area
 
V2
i = 	 estimated variance of the acreage estimate for the ith 
pseudo zone in the area 
In the case where there is only one yield stratum for a state,
 
the yield prediction error for the state is given directly by
 
the CCEA model.
 
A.3.3 PRODUCTIO
 
rhis section contains descriptions of the methods used to do the
 
:ollowing:
 
i. Estimate wheat production (section A.3.3.1). 
b. Estimate the variance in the wheat production estimate 
(section A.3.3.2). 
c. Estimate the bias in the wheat production estimate 
(section A.3.3.3). 
da Evaluate whether LACIE is satisfying the 90/90 criterion 
(section A.3.3.4). 
e. Determine the effect of errors in area, yield, sampling, 
and classification on the production variance 
(section A.3.3.5). 
A.3.3.1 Production Estimation
 
At the CRD level the production estimate is obtained by multi­
plying the area estimate and the yield prediction for the CRD.
 
,The area estimate is made for the CRD itself but the yield pre­
'diction is made for a group of CRD's in a state (section A.3.2.J
 
The 	production estimates for the state and higher levels are
 
obtained by simply adding the estimates for all the CRD's in
 
the 	area.
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A.3.3.2 Production Variance Estimation
 
Since the production estimate is the product of an acreage esti­
mate and a yield prediction, the measure of variability in the
 
estimate should properly be called the production mean squared
 
prediction error. However, in this report, for simplicity this
 
quantity will be called the production variance.
 
Since the yield predictions are made for a group of CRD's it is
 
not possible to obtain independent production variance estimates
 
at the CRD level; hence, the estimates of production variance are
 
made only at the state and higher levels. The estimation proce­
dures are described in detail in appendix B of the CAS Require­
ments document.
 
A.3.3.3 Production Bias Estimation
 
The production bias at the state level is given by
 
B = E(P i -P) 
= E(Pi) - P. (A-37) 
SE(A.Yi) - A.Y. 
where Ai . Yi, and Pi are respectively the true values of the
 
acreage, yield, and production for the Nth state in question,
 
and Ai., Yi. and Pi, are the corresponding estimates for these
 
quantities. Assuming Ai and Yi are independent, one obtains
 AA
 
B = E(Ai)E(Yi) - A.Y. (A-38) 
A 
If one further assumes that Yi is unbiased, then E(Y.) = Yi. and 
B Y.[E(A) -A] (A-39) 
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where BA. is the acreage bias for the ith state. The quantities
 
Yi and BA are Unknown, but an estimate BP for B can be
 
obtained by using the estimates for Y. and B described in
 
1 
 A
 
sebtiois A.3.2.1 and A.3.1.4, respectively. Thus,
 
B =YB (A-40)
 
p. 
 i A.
 
The variance of B is given by
 
Var = Var ) + E2 B Var(Yi ) + Var(BA Var(Yi ) 
and estimated by
 
Var ( ) Vr B ) + VakrVYi - Var(B Var Yi) 
For the nine-state level, the production bias estimate BP is
 
A.p= Pi ^ 
and the.estimate of its variance is V ar(BPiJ. The relative 
A 
bias of the production estimate R(Bp) is estimated by expressing
 
the production bias as a percentage of the LACIE production esti­
mate; that is, by
 
R(B) - i A x 100% (A-41) 
p
 
A.3.3.4 Evaluating the 90/90 Criterion
 
Let P be the LACIE estimate of wheat production for the region or
 
country, and let P be the true wheat production of the same region
 
or country. The accuracy goal of the LACIE is a 90/90 at-harvest
 
criterion for wheat production, which is given by the following
 
probability statement.
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Pr [IP - P1 < o.lP] > 0.90 (A-42) 
This states that the accuracy goal is for the LACIE estimate of
 
wheat production to be within 10 percent of the true wheat pro­
duction with a probability of at least 0.9.
 
It is assumed -that the LACIE estimate, P, is normally distributed
 
with mean P + B and variance a2 where B is the bias given by
 
P 
B = E(P) - P 
Under this assumption, equation (A-42) may be written as
 
P 0.l-0.9-3 0.1 1.1
 
Pr CV(P) P+B < Z < CV(P) >- 0.90 
(A-43)
 
where Z - P- (P+B) follows the standard normal distribution,
 
orP
 
N(0,1), and CV(P)- is the coefficient of variation of P defined
 
by
 
:V(P) = - (A-44)
B
E(P) 

The term B is called the relative bias of P and is given by
 
P+B
 
A 
B E(P) -P 
+B 
E(P) 
It follows that the accuracy goal of LACIE is attained if
 
0.1_ 1. 3 -0.1 - 0. 
[..11. - [-on -09 > 0.90 (A-45) 
where 4 represents the cumulative standard normal distribution.
 
The enclosed region of figure A-1 indicates combinations of CV(P)
 
and relative bias for which equation (A-40) is satisfied.
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COEFFICIENT OF VARIATION, hV(P)
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RELATIVE BIAS
 
A 
Figure A-I.-,Diagram showing value of relative bias and CV(P) for which
 
90/90 criterion is satisfied.
 
The estimates of CV(P) are provided by CAS and the estimates of
 
the relative bias are obtained using the method described in
 
section A.3.3.3.
 
A proper evaluation of the 90/90 criterion can only be made toward
 
the end of the season since the results for spring wheat are
 
normally not available before August. In order to gauge how
 
well LACIE is performing early in the season when only winter
 
wheat data are available, a method of projecting the winter
 
wheat results for the 5- or 7-state level to the 9-state total
 
harvestable wheat level using Phase II results was developed.
 
Since adequate blind site proportions are not available in the.
 
early season, the relative difference between the LACIE and USDA
 
estimates is taken as an estimate of the relative bias. The
 
"projected" relative difference at the 9-state level is given by
 
the equation
 
RD7 
RD; = -12.3 -- (A-46)R76 
where -12.3 is the Phase II final relative difference at the
 
9-state level, RD77 is the current month relative difference in
 
1977 for the 5- or 7-state winter wheat production estimate, and
 
RD76 is the corresponding relative difference for the same month
 
in 1976. The values for RD76 are given in table Arl.
 
Similarly, the "projected" CV(P) at the 9-state level is given by
 
CV77
 
9= CV77 
 (A-47)
 
where'5 is the Phase II final CV(P) at the 9-state level, CV77
 
is the current month CV(P) for the 5- or 7-state winter wheat
 
production estimate, and CV7 6 is the corresponding CV for the same
 
month in 1976. The values for CV76 are given in table A-l. The
 
7-state results are used if they are available for both years.
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TABLE A-I.-
Area,

Date state 

Feb. 	 5 
Mar. 25 5 

Apr. 8 5 

Kay 7 5 

June 8 5 

-4 7 
June 29 5 
7 
July 9 	 5 
7 

Aug. 11 	 5 

7 

9 

Sept. 9 	 5 

7 

9 

Oct. 8 	 5 

7 

9 

Dec. 17 5 

(final) 7 

9 

PHASE II CV'S AND RELATIVE DIFFERENCES
 
Phase II Phase II 
CV for production relative difference 
ii -4.9 
10 -9.9 
8 -8.5 
8 -1.6 
7 +-11.4 
8 +1.7 
7 +-12.7 
7 +4.7 
7 -3.7 
7 -7.9 
7 -4.2 
7 -5.6 
6 -14.7 
7 -6.6 
7 -6.6 
5 -13.6 
7 -6.6 
7 -6.5 
5 -13.8 
7 -7.2 
7 -7.2 
5 -12.3 
ORIGINAL PAGE IS
 
OF POOP, QUALITy
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After RD and CV; have been calculated, inference as to whether
 
,the 90/90 criterion has been satisfied can be made by determining
 
whether these values fall within the enclosed area in figure A-I.
 
If they do, it is said that the current LACIE estimates support
 
(rather than satisf) the 90/90 criterion since the determination
 
was based on projections which may or may not be accurate.
 
A.3.3.5 	 Effect of Errors in Acreage, Yield, Sampling, aiu 
Classification on the Production Variance 
The production variance consists of two major error components:
 
acreage and yield. The acreage error may be further subdivided
 
into sampling and classification errors. The effect of a par­
ticular error is determined by the reduction in the production
 
variance 	estimatewhen the error is omitted from the calculation
 
of that estimate. If there is only one yield stratum-in a zone
 
(state), the production variance is calculated-at the zone level
 
and aggregated to higher-levels. If a zone contains more than
 
one yield stratum, it is subdivided into pseudozones, which are
 
the intersections of the zone with the various .yield strata.
 
The production variance estimate is then calculated at the
 
pseudczone level and aggregated to the zone and higher levels.
 
Suppose the zone consists of H pseudozones, GIG 2 ,'...,G.,with
 
acreage estimates AZIAZ2 ,.-tAzH and yield predictions
 
YZlY2'.--'YZH' respectively. Then the estimate of the produc­
tion variance at the zone level is given by the following equa­
tion, which also appears in appendix B of the CAS Requirement
 
Document.
 
H	 U2 A2 2
2 V2i"2 _ U2
 
sZ viYzi + Zi Zi Zi Z
 
H i-1
 
+ 2>3 >3 	 2 >A-48)Tjk ( 
i=2 k=1 "EC 1 kaG / 
A-30 
where
 
U2= the estimate of the yield variance for the ith pseudozone
 
VI = the area variance estimate f'or the ith pseudozone
 
=
jk the estimated covariance between A. in Gi and A in G
 
In order to determine the production variance without a given
 
error term, equation (A-48) must be rederived with that term
 
omitted. Let SZA,.Szy, and S2
2D SS, be the state production
 
variances without acreage, yield, sampling, and classification
 
errors, respectively. One obtains the following expressions f
 
these quantities.
 
H
 
S2. (UziA2i _ViU-i) (A-49)
 
H
 
2 2 - V2iUzi)
z 

+2 >3> zi Zz Z kE1 k (A-50) 
i=2 Y z=i j EG }
 
H 
S2S3= [(1 - P2VYzi i - (I - P)VziUzi 
i=l
 
Ez i TA-k)(1
+2 E 
2 zz1(j k(-iSC 
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H
 
S2c > i i U2 A2 22 
i=l
 
H i-2.
 
+ 2 YZk) \JG EGe 	 (A-52)

i=2 k=1 	 G k6gL
 
where p is defined in (A-29).
 
2 S
 rC
 
variance estimates without acreage, yield, sampling, and classi­
fication errors, respectively. These estimates can be obtained
 
from the following expressions.
 
LetLeSrA' Sry , rS', and S2 be the regional-level production
 
R R R 
S2A SzA (A-53) 
Z=l Z=l Z'=l 
R 
S2 3 SZY (A-54)rY 	 E 2 

Z=I
 
R R R
 
2
 
SrS = S2S + S SrZ, (A-55) 
Z=l Z=I Z'=l 
R R R 
2= > S C + SZZ (A-56) 
Z=I Z=I Z'=I
 
Here R is the total number of zones in the region and SrZZ = 0 
if Zth and Z'th zones have no yield strata in common. Otherwise, 
C
 
AzKAZ 2 	 (A-57)
SrZ = 
K= 
A-32
 
where
 
ArZK = 	 the area estimate for the pseudozone corresponding to 
yield stratum K in zone Z of region r 
02rK = the squared'prediction error for the Kth yield stratum
 
common to zones Z and Z'
 
C = the nuqiber of yield strata common to the Zth and Z'th
 
zones
 
The estimates of the corresponding varidn-ces for a country are
 
obtained by adding the corresponding estimates for all the
 
regions in the country. These-computations assume that the
 
regional production estimates are uncorrelated.
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PHASE III INTENSIVE TEST SITES
 
APPENDIX B
 
PHASE III INTENSIVE TEST SITES
 
To accomplish the objectives of accuracy assessment, data includ­
ing ground truth, aircraft photographs, and Landsat multispectral
 
scanner imagery were gathered from 23 intensive test sites.
 
Because of factors such as atmospheric effects and data dropout,
 
acceptable imagery was redeived and processed for only 17 inten­
sive test sites and only six of these sites were processed during
 
more than one biowindow. These 23 sites were located in the
 
states of Idaho, Indiana, Kansas, Montana, North and South Dakota,
 
Texas, and Washington (table B-l). These states are from four
 
regions: the Northwestern United States, the Great'Lakes, and
 
the Southern and Northern Great Plains.
 
B-I
 
TABLE B-I.- LACIE PHASE III INTENSIVE TEST SITES
 
Center coordinates Site size Wheat
 
Segment State, County Statute type

N. Lat. I. Long. mile (a)
 
'
196S N. Dakota Burke 48053.2' 102010.0 5x6 8x9.7 S
 
'
1966 N. Dakota Williams 48019.Z' 103024.7 5x6 8x9.7 $
 
' '
1967 N. Dakota Divide 480S3.6 103010.9 2x10 3x16 S
 
1687 S. Dakota Hand I 4403S.0' 98058.01 5x6 8x9.7 SaW
 
1986 S. Dakota Hand 2 440Z1.09 98045.11 5x6 8x9.7 S&W
 
1969 Montana Toole 48053.0? 111 046.51 2x10 3x16 S&W
 
' 
1970 Montana .Liberty 48044.0 110051.01 2x10 3x16 SaW
 
1971 Montana Hill 48042.01 109055.01 2x6 3x9.7 SaW
 
'
1973 Washington Whitman 46050.41 117048.3 3x3 4,8x4.8 Saw
 
' 
 '
1975 Idaho Oneida 42004.5 112029.5 3x3 4.8x4.8 S&W
 
1976 Idaho Franklin 42008.01 111058:01 3x3 4.8x4.8 S&W

W 1977 Idaho Bannock 42056.5? 112025.51 3x3 4.8x4.8 S&W
 
1978 '
Texas Randall 35009.5 10Z004.4' 3X3 4.8x4.8 W
 
1979 Texas Deaf Smith 34052.2? 102022.3' 3K3 4:8x4.8 W
 
'
1980 Texas Oldham 35015.01 102032.0 3x3 4.8x4.8 W
 
1981 Indiana Shelby 39027.61 85047.2 3x3 4.8x4.8 W
 
'
1982 Indiana Madison 40013.51 85037.5 3x3 4.8x4.8 W
 
'
1983 Indiana Boone 40005.7 86033.5' 3×3 4.8x4.8 W
 
1960 Kansas Morton 37*16.0' 10154.0' 56 8x9.7 W
 
1962 Kansas Saline 38041.81 97028.41 3x3 4.8x4.8 W
 
1963 Kansas Rice 38017.0? 98012,7 3×3 4.8x4,8 W

'
1964 Kansas Ellis 38050.1 199013.0 3x3 4.8x4.8 W

' '
1988 Kansas Finney 38010.2 100043.2 5x6 8x9.7 W
 
1987 Minnesota Po'lk 47049.01 96041.01 5x6 8x9.7 S
 
aAs indicated by ground truth:' S = spring wheat; W = winter wheat; SW = spring and winter wheat. 
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APPENDIX C
 
METHOD OF DESIGNATING SEGMENTS AS SPRING, WINTER, OR MIXED
 
The USDA/SRS winter wheat and spring wheat production ,estimates
 
for each county in South Dakota and Montana for the years 1965
 
to 1976 were taken 'into consideration to determine the county
 
contribution to the state total production for each crop type.
 
A county-to-state contribution threshold of 1 percent was taken
 
for each crop type. If a county, containing allocated segments,
 
contributed 1 percent or more to the state winter wheat produc­
tion, its segments were designated as winter - similarly for
 
spring wheat. This divided the counties into three groups: pure
 
spring, pure winter, and mixed. Further, those counties in the
 
pure spring and pure winter groups were then designated mixed if
 
the within county contribution for either crop type to the total
 
wheat for the county was between 25 and 75 percent. For example,
 
a county may have contributed more than 1 percent to state winter
 
wheat production but less than 1 percent to state spring wheat
 
production. However, spring wheat could make up 50 percent of
 
the county's total wheat production. In this case, the county
 
is designated as mixed. The resulting segment designations are
 
in the following tables. In the group of segments not to be used,
 
those that are asterisked are to be processed by CAMS as mixed
 
segments for evaluation purposes but are not to be used in the
 
aggregations.
 
SOUTH DAKOTA
 
Mixed Segments Spring Wheat Segments 
1666 1670 1696 1805 1665 1673 1498 1548 1690 
1485 1676 1687 1808 1484 1674 1679 1681 1784 
1486 1677 1688 1697 1667 1675 1499 1599 
1668 1483 1699 1487 1489 1525 1755 
1669 1686 1689 1671 1678 1680 1756 
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Winter Wheat Segments Segments Not To Be Used
 
1800* 1809
 
1801 1811*
 
1597 1804 

1683 1694 

1598 1806 
 1802* 1812
 
1803 1696 
 1807* 1813
 
MONTANA 
Mixed Segments Spring Wheat Segments 
1528 1735 1936 1741 1941 1532 1943 1546 
1529 1933 1737 1939 1539 1533 1543 1547 
1929 1934 1937 1534 1540 1940 1544 1945 
1732 1736 1738 1535 1942 1541 1944 1946 
1932 1935 1739 1536 1555 1542 1545 1559 
1733 1530 1938 1537 
1734 1531 1740 1538 
Winter Wheat Segments Segments Not To Be Used
 
1725 1930 1745 1549 1552 1928 1553
 
1728 1931 1948 1550 1556 1947 1103
 
1729 1742 1747 1753 1557 1551 1554
 
1730 1743 1750 1101 1104 1752*
 
1731 1744 1949 1102 1558
 
*To be processed by CAMS as mixed for evaluation but not for
 
aggregation.
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